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22. A method according to claim 21 wherein the amount of the dose of the first active 
ingredient is from about 7 to 70 nmol. 

23. A^n^hod according to claim 1 wherein the amount of the dose of the second active 
.rs V) inuredient is from abotTKLl to 5 (imol. 



24. A method according to ' 
ingredient is from about 0.15 to 4 |amol. 



1 wherein the amount of the dose of the second active 



25. A method according to claim 12 wherein the amount of the dose of formoterol 
fumarate dihydrate is from about 1 to 50 )ig.~ 

REMARKS 

Claims 9 and 1 1-25 are pending in the case. Claim 9 has been amended. Claims 1-8 and 
10 have been cancelled, and claims 1 1-25 added by the above amendment. No new matter has 
been introduced. 

As Applicants' representative, Ms. Celia Leber, discussed with the Examiner by 
telephone on February 15, 2002, this response is essentially the same as the Second Preliminary 
Amendment filed on December 5, 200$. One change has been made in the claim amendments. 
Inadvertently, in the Second Preliminary Amendment there were two claims numbered claim 22. 
This error has been corrected by renumbering the second claim 22 and the following claims as 
claims 23-25. The Remarks have been revised slightly to delete the section on anticipation, an 
issue that was not raised in the office action mailed January 29, 2002, and to address the new 
secondary references cited in that office action. 

Applicants submit herewith a Declaration of Lisa Woodson and a Declaration of Celia 
Leber, providing proof that the Second Preliminary Amendment and the accompanying 
Declaration of Jan Trofast were in fact hand-carried to the USPTO on December 5, 2001 . 

During the February 15th telephone conference with Ms. Leber, the Examiner indicated 
that if sufficient proof of filing were submitted, a subsequent office action, if required, would be 
made non-final. Accordingly, if the Examiner does not deem the application to be in condition 
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for allowance in view of this response, Applicants respectfully request that the next office action 
be made non- final. 

Rejections Under 35 U.S.C. §§101 and 112 

Claims 1-8 are rejected under 35 U.S.C. §§101 and 1 12. These claims have been 
cancelled, thereby obviating these rejections. 



Rejection under 35 U.S.C § 102(b) 

Claims 9-10 are rejected under 35 U.S.C. §103(a) as being unpatentable over WO 
93/1 1733 (Carling) in view of Cazzola et al. (Reference U), Nederlands Tijdschrift voor 
Geneeskunde (Reference V) and Saunders Manual of Medical Practice (Reference W). 

Claim 9 recites a method of treating chronic obstructive pulmonary disease (COPD) by 
administering to a patient formoterol (or a salt, a solvate of such a salt, or a solvate of 
formoterol) and budesonide. 

Carling does not teach or suggest that his combination of formoterol and budesonide is 
suitable for treating COPD. Carling mentions that the combination is suitable for use in treating 
"respiratory diseases." The only specific respiratory disease that is mentioned in the Carling 
specification is asthma. 

The suitability of the formoterol/budesonide combination for treating COPD would not 
have been obvious in view of Carling's general teaching of its use in treating respiratory 
diseases, even if this teaching could have been properly combined with the teachings, in 
References (U) and (V), respectively, that formoterol and budesonide alone would be useful in 
the treatment of COPD, and the mention in Reference (W) that COPD is a respiratory disease. 

As set forth in the enclosed Declaration of Jan Trofast under 37 CFR §1.132, COPD 
refers to a group of disorders characterized by a progressive and generally irreversible limitation 
of airflow. COPD is a common disease in industrialized countries (for example, about 6 % of 
the men and 4 % of the women over 45 years in the UK are affected) and is responsible for a 
considerable morbidity and mortality. Most of the patients are smokers. The two most 
important conditions associated with COPD are chronic bronchitis and emphysema. Patients 
with chronic bronchitis exhibit frequent exacerbations due to recurrent infections. 
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Current treatment of COPD is often unsatisfactory. At present, COPD is often treated 
only in its more developed stages using a variety of inhaled or orally administered 
bronchodilators or inhaled anticholinergic agents. The problem with these treatments is that 
none of them has been regarded as effective. Smoking cessation has been shown to decrease the 
rate of decline in lung function, but the success of smoking-cessation programs is limited. 

Airway inflammation in COPD differs from such inflammation in asthma. (Jeffery PK, 
Structural and Inflammatory Changes in COPD: a comparison with asthma. Thorax 
1998:53:129-36. This and the other publications cited below are attached to the Declaration of 
Jan Trofast enclosed herewith). The beneficial influence of oral and inhaled corticosteroids is 
well established in patients with asthma. However, their usefulness in COPD is much less 
certain. Around the time of Applicants' invention, researchers were investigating the use of 
inhaled glucocoticoids such as budesonide in treating COPD. The results, discussed below, 
generally indicated that inhaled glucocorticoids were much less effective in treating COPD than 
in treating asthma. 

One study reported that the overall effect of three years of treatment with budesonide on 
the forced expiratory volume (FEV) of patients with mild COPD was "quite limited as compared 
with the beneficial effects of inhaled glucocorticoids in asthma.... The small, overall, one-time 
beneficial effect on pulmonary function ... must be balanced against the risk of local and 
systemic side effects." Benefits were found to be only short-term, with no appreciable effect on 
the long-term progressive decline in lung function. (Pauwels et al., "Long-Term Treatment with 
Inhaled Budesonide in Persons with Mild Chronic Obstructive Pulmonary Disease Who 
Continue Smoking," The New England Journal of Medicine, 340:25, pp. 1948-1953, June 24, 
1999.) 

Another study found that the benefits of systemic glucocorticoids in treating acute 
exacerbations of COPD were much smaller than the benefits of glucocorticoids in the treatment 
of severe exacerbations of asthma. (Nievvoehner, "Effect of Systemic Glucocorticoids on 
Exacerbations of Chronic Obstructive Pulmonary Disease," The New England Journal of 
Medicine, 340:25, pp. 1941-1947, June 24, 1999.) 

Several articles at the time mentioned that the current treatments for COPD, including 
treatment with inhaled steroids, were unsatisfactory, and that new treatments were required. 
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(See, e.g., "Inhaled Steroids in COPD " The Lancet, Vol. 351, pp. 766-767, March 14, 1998, and 
"COPD: New Developments and Therapeutic Opportunities," Peter Norman, Drug News 
Perspect 1 1(7), September 1998.) 

In view of this lack of enthusiasm in the field for treatment with budesonide, and also in 
v iew of the recognition in the art that asthma and COPD respond differently to treatment with 
budesonide, it would not have been obvious to the artisan that Carting's composition would be 
effective in the treatment of COPD. Moreover, in view of the great need for an effective 
treatment for COPD, if it had been obvious to Carling himself that his composition would have 
been effective in treating COPD, surely he would have mentioned this in his own disclosure. 

In the parent application, the Examiner stated that, in the absence of unexpected results, it 
would have been obvious in view of the references cited in the parent (U.S. Patent No. 5,795,564 
and CA 126:259329) to use budesonide and formoterol together to treat COPD. Applicants 
respectfully disagree, for the reasons discussed above, and also because Applicants have in fact 
obtained unexpected results. 

As set forth in the enclosed Declaration of Jan Trofast under 37 CFR §1.132, about 
800 patients with moderate to severe COPD were enrolled in a clinical trial. They were divided 
into four equal groups taking, respectively, budesonide/formoterol (as fumarate dihydrate)(2 x 
160/4.5 ^g bid, single inhaler), budesonide (2 x 200 jig bid), formoterol (as fumarate dihydrate) 
( 2 x 4.5 j.ig bid) or a placebo for a period of 12 months. There was a significantly larger number 
of discontinuations in the placebo group than in the treated groups. The patients were monitored 
for severe exacerbations, and were tested at each clinical visit (8 times) for Forced Expiratory 
Volume (FEV|). These parameters are typically used in evaluating the condition of a patient 
suffering from COPD. 

A statistical analysis of the results of this study provided the following data: 

Reduction in severe exacerbations (P-value): 

Budesonide/formoterol against placebo 0.035 

Budesonide/formoterol against formoterol 0.043 

Budesonide/formoterol against budesonide 0.385 



Improvement in forced expiratory volume (FEVj) (P-value): 
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Budesonide/formoterol against placebo < 0.001 

Budesonide/formoterol against budesonide < 0.00 1 

Budesonide/formoterol against formoterol 0.487 

The reduction of severe exacerbations was significantly (p<5%) greater for the patients 
treated with the budesonide/formoterol combination than for the placebo or the formoterol- 
treated groups. The study indicates that the number of exacerbations was 24 % lower for the 
patients treated with the combination than for the patients who received a placebo, and 23 % 
lower in comparison with formoterol-treated group. 

The Forced Expiratory Volume of patients treated with the combination was signficantly 
better (p<0.1%) for the patients treated with the combination than for the placebo or the 
budesonide-treated groups. 

Together, the results obtained for these parameters indicate a significant improvement in 
both of the measured parameters for the budesonide/formoterol-treated patients, as compared to 
the patients treated with either budesonide alone or formoterol alone. Thus, the results of this 
study indicate, unexpectedly, that it is possible to treat even moderate to severe COPD patients 
with excellent, long-term results using the claimed method. 

In view of the above, Applicants respectfully request that the rejection under 35 U.S.C. 
§103 be withdrawn. 



Conclusion 

Attached is a marked-up version of the changes being made by the current amendment. 
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Applicants ask that all claims be allowed. Please apply any charges or credits to Deposit 
Account No. 06-1050. 



Date: 



April 25, 2002 



Fish & Richardson P.C. 
225 Franklin St. 
Boston, MA 021 10 
Telephone: (617) 542-5070 
Facsimile: (617)542-8906 



Respectfully submitted, 




Fraser, Ph.D., J.D. 
34,819 



20424331.doc 



Applicant : CarUAxel Bauer etflB 

Serial No. : 10/010,283 

Filed : November 13,2001 

Paue : 9 



Attorney's Docket NlBb6275- 150003 / D 1S41-3P US 



Version with markings to show changes made 

In the claims: 

Claims 1-8 and 10 have been cancelled. 
Claim 9 has been amended as follows: 



9. (Amended) A method for the treatment of a patient suffering from chronic 
obstructive pulmonary disease A which method comprises administering to the patient via 
inhalation, simultaneously, sequentially or separately, a therapeutically effective amount of (i) a 
dose of a first active ingredient which is formoterol, a pharmaceutically acceptable salt or solvate 
thereof, or a solvate of such a salt; and (ii) a dose of a second active ingredient which is 
budesonide, [and] wherein the molar ratio of the first active ingredient to the second active 
ingredient is from 1:2500 to 12:1. 
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SECOND PRELIMINARY AMENDMENT 



This application is a continuation of USSN 09/670,457. In response to the action mailed 
in the parent application on May 10, 2001. please amend the application as follows: 
In the claims : 
Cancel claims 1-8 and 10. 
Amend claim 9 as follows: 

9. (Amended) A method for the treatment of a patient suffering from chronic obstructive 
pulmonary disease, which method comprises administering to the patient via inhalation, 
simultaneously, sequentially or separately, a therapeutically effective amount of (i) a dose of a 
first active ingredient which is formoterol. a pharmaceutically acceptable salt or solvate thereof, 
or a solvate of such a salt; and (ii) a dose of a second active ingredient which is budesonide. 
wherein the molar ratio of the first active ingredient to the second active ingredient is from 
1:2500 to 12:1. 

Add new claims 1 1- 24. 

-11. A method according to claim 9. wherein the first and/or second active ingredient is 
used in admixture with one or more pharmaceutically acceptable additives, diluents and/or 
carriers. 
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I hereby certify that this correspondence is being delivered by hand on 
the date indicated below and is addressed to the Commissioner tor 
Patents. Washington. D C. 20231. 
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12. A method according to claim 9. wherein the first active ingredient is formoterol 
fumarate dihvdrate. 



13. A method according to claim 9. wherein the molar ratio of the first active ingredient 
to the second active ingredient is from 1 :555 to 2:1. 

14. A method according to claim 13 wherein the molar ratio is from 1 :70 to 1 :4. 

15. A method according to claim 9 further comprising providing the doses to the patient 
in the form of a dry powder. 

16. A method according to claim 15 wherein the first and second active ingredients are 
formulated as powder particles having a mass median diameter of less than 10 urn. 

1 7. A method according to claim 9 wherein the first and second active ingredients are 
provided in the form of an admixture. 

1 8. A method according to claim 9 wherein the doses are administered separately, less 
than about 2 hours apart. 

19. A method according to claim 18 wherein the doses are administered separately, less 
than about 30 minutes apart. 

20. A method according to claim 19 wherein one dose is administered immediately after 
the other. 



2 1 . A method according to claim 9 wherein the amount of the dose of the first active 
ingredient is from about 2 to 120 nmol. 
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22. A method according to claim 21 wherein the amount of the dose of the first active 
ingredient is from about 7 to 70 nmol. 



22. A method according to claim 1 wherein the amount of the dose of the second active 
ingredient is from about 0.1 to 5 jimol. 

23. A method according to claim 1 wherein the amount of the dose of the second active 
ingredient is from about 0.15 to 4 nmol. 

24. A method according to claim 12 wherein the amount of the dose of formoterol 
fumarate dihydrate is from about 1 to 50 ug.-- 



Applicant : Carl-Axel Bauer^ . .A^:y's Dockei No.: 06275-150003 



Serial No. : 
Filed : November 13.2001 
Pa^e : 4 



REMARKS 

Claims 9 and 1 1-24 are pending in the case. Claims 1-8 and 10 have been cancelled and 
claims 1 1-24 added by the above amendment. No new matter has been introduced. 

Claims 1-8 are rejected under 35 U.S.C. §§101 and 1 12. These claims have been 
cancelled, thereby obviating these rejections. 

Claims 9-10 are rejected under 35 U.S.C. § 102(b) as being anticipated by WO 93/1 1733 
(Carling). Claims 9-10 are also rejected under 35 U.S.C. §103(a) as being unpatentable over 
U.S. Patent No. 5,795,564 and CA 126:259329. These rejections will be addressed in turn. 

Rejection under 35 U.S.C. § 102(b) 

Claim 9 recites a method of treating chronic obstructive pulmonary disease (COPD) by 
administering to a patient formoterol (or a salt a solvate of such a salt, or a solvate of 
formoterol) and budesonide. 

Carling does not teach or suggest that his combination of formoterol and budesonide is 
suitable for treating COPD. Carling mentions that the combination is suitable for use in treating 
'respiratory diseases/' The only specific respiratory disease that is mentioned in the Carling 
specification is asthma. 

It is axiomatic that anticipation requires that every limitation of a claim at issue be 
disclosed in a single prior art reference. It is also well established that the disclosure of a broad 
genus (such as treatment of respiratory diseases) does not anticipate a claim limited to a species 
(such as treatment of COPD). 

A situation analogous to that in the present application was considered by the Federal 
Circuit in Corning Glass Works v. Sumitomo Electric. 868 F.2d 1251. 9 USPQ2d 1962 (CAFC 
1989). In Corning Glass Works, the court considered whether Coming's claim, directed to an 
optical fiber having a fused silica core doped with germania, was anticipated by a Japanese 
application. The Japanese application disclosed optical fibers with doped cores, but did not 
specifically teach germania as a dopant . Sumitomo argued that Coming's claim was invalid, 
because the Japanese reference disclosed fibers having doped cores, listed polyvalent metal 
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oxide dopants, and did not exclude germania. The coun stated that this argument was "wholly 
meritless" because ' ; under Sumitomo's theory, a claim to a genus would inherently disclose all 
species/* The court found that the Corning claim was not anticipated, because "the Japanese 
application is a reference only for that which it teaches." Id. p. 1262. 

Nor would the suitability of the formoterol/budesonide combination for treating COPD 
have been obvious in view of Carling's general teaching of its use in treating respiratory 
diseases. 

As set forth in the enclosed Declaration of Jan Trofast under 37 CFR §1.132. COPD 
refers to a group of disorders characterized by a progressive and generally irreversible limitation 
of airflow. COPD is a common disease in industrialized countries (for example, about 6 % of 
the men and 4 % of the women over 45 years in the UK are affected) and is responsible for a 
considerable morbidity and mortality. Most of the patients are smokers. The two most 
important conditions associated with COPD are chronic bronchitis and emphysema. Patients 
with chronic bronchitis exhibit frequent exacerbations due to recurrent infections. 

Current treatment of COPD is often unsatisfactory. At present, COPD is often treated 
only in its more developed stages using a variety of inhaled or orally administered 
bronchodilators or inhaled anti-cholinergic agents. The problem with these treatments is that 
none of them has been regarded as effective. Smoking cessation has been shown to decrease the 
rate of decline in lung function, but the success of smoking-cessation programs is limited. 

Airway inflammation in COPD differs from such inflammation in asthma. (Jeffery PK. 
Structural and Inflammatory Changes in COPD: a comparison with asthma. Thorax 
1998:53:129-36. This and the other publications cited below are attached to the Declaration of 
Jan Trofast enclosed herewith). The beneficial influence of oral and inhaled corticosteroids is 
well established in patients with asthma. However, their usefulness in COPD is much less 
certain. Around the time of Applicants' invention, researchers were investigating the use of 
inhaled glucocoticoids such as budesonide in treating COPD. The results, discussed below, 
generally indicated that inhaled glucocorticoids were much less effective in treating COPD than 
in treating asthma. 

One study reported that the overall effect of three years of treatment with budesonide on 
die forced expiratory volume (FEV) of patients with mild COPD was "quite limited as compared 
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with the beneficial effects of inhaled glucocorticoids in asthma.... The small, overall, one-time 
beneficial effect on pulmonary function ... must be balanced against the risk of local and 
systemic side effects/' Benefits were found to be only short-term, with no appreciable effect on 
the long-term progressive decline in lung function. (Pauwels et aL "Long-Term Treatment with 
Inhaled Budesonide in Persons with Mild Chronic Obstructive Pulmonary Disease Who 
Continue Smoking/' The New England Journal of Medicine. 340:25, pp. 1948-1953. June 24. 
1999.) 

Another study found that the benefits of systemic glucocorticoids in treating acute 
exacerbations of COPD were much smaller than the benefits of glucocorticoids in the treatment 
of severe exacerbations of asthma. (Niewoehner, '"Effect of Systemic Glucocorticoids on 
Exacerbations of Chronic Obstructive Pulmonary Disease. 7 " The New England Journal of 
Medicine, 340:25, pp. 1941-1947, June 24, 1999.) 

Several articles at the time mentioned that the current treatments for COPD, including 
treatment with inhaled steroids, were unsatisfactory, and that new treatments were required. 
(See, e.g., "Inhaled Steroids in COPD." The Lancet, Vol. 351, pp. 766-767, March 14, 1998, and 
"COPD: New Developments and Therapeutic Opportunities." Peter Norman. Drug News 
Perspect 1 1(7), September 1998.) 

In view of this lack of enthusiasm in the field for treatment with budesonide. and also in 
view of the recognition in the art that asthma and COPD respond differently to treatment with 
budesonide. it would not have been obvious to the artisan that Carling's composition would be 
effective in the treatment of COPD. Moreover, in view of the great need for an effective 
treatment for COPD. if it had been obvious to Carling himself that his composition would have 
been effective in treating COPD, surely he would have mentioned this in his own disclosure. 



Rejection under 35 U.S.C. §103 

The Examiner states that, in the absence of unexpected results, it would have been 
obvious in view of the cited references (U.S. Patent No. 5.795.564 and CA 126:259329) to use 
budesonide and formoterol together to treat COPD. Applicants respectfully disagree, for the 
reasons discussed above, and also because Applicants have in fact obtained unexpected results. 
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As set forth in the enclosed Declaration of Jan Trofast under 37 CFR §1.132. about 
800 patients with moderate to severe COPD were enrolled in a clinical trial. They were divided 
into four equal groups taking, respectively, budesonide/formoterol (as fumarate dihydrate)(2 x 
160/4.5 ug bid, single inhaler), budesonide (2 x 200 jig bid), formoterol (as fumarate dihydrate) 
( 2 x 4.5 ug bid) or a placebo for a period of 12 months. There was a significantly larger number 
of discontinuations in the placebo group than in the treated groups. The patients were monitored 
for severe exacerbations, and were tested at each clinical visit (8 times) for Forced Expiratory 
Volume (FEV|). These parameters are typically used in evaluating the condition of a patient 
suffering from COPD. 

A statistical analysis of the results of this study provided the following data: 



Reduction in severe exacerbations (P- value): 
Budesonide/formoterol against placebo 
Budesonide/formoterol against formoterol 
Budesonide/formoterol against budesonide 



0.035 
0.043 
0.385 



Improvement in forced expiratory volume (FEVj) (P-value): 
Budesonide/formoterol against placebo < 0.00 1 

Budesonide/formoterol against budesonide < 0.001 

Budesonide/formoterol against formoterol 0.487 

The reduction of severe exacerbations was significantly (p<5%) greater for the patients 
treated with the budesonide/formoterol combination than for the placebo or the formoterol- 
treated groups. The study indicates that the number of exacerbations was 24 % lower for the 
patients treated with the combination than for the patients who received a placebo, and 23 % 
lower in comparison with formoterol-treated group. 

The Forced Expiratory Volume of patients treated with the combination was signficantly 
better (p<0. 1%) for the patients treated with the combination than for the placebo or the 
budesonide-treated groups. 

Together, the results obtained for these parameters indicate a significant improvement in 
both of the measured parameters for the budesonide/formoterol-treated patients, as compared to 
the patients treated with either budesonide alone or formoterol alone. Thus, the results of this 
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study indicate, unexpectedly, that it is possible to treat even moderate to severe COPD patients 
with excellent, long-term results using the claimed method. 

Conclusion 

Attached is a marked-up version of the changes being made by the current amendment. 
Applicants ask that all claims be allowed. Please apply any charges or credits to Deposit 
Account No. 06-1050. 



Fish & Richardson P.C. 
225 Franklin St. 
Boston. MA 02110 
Telephone: (617) 542-5070 
Facsimile: (617)542-8906 



Date: 
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Version with markings to show changes made 

In the claims: 

Claims 1-8 and 10 have been cancelled. 
Claim 9 has been amended as follows: 

9. (Amended) A method for the treatment of a patient suffering from chronic 
obstructive pulmonary disease, which method comprises administering to the patient via 
inhalation, simultaneously, sequentially or separately, a therapeutically effective amount of (i) a 
dose of a first active ingredient which is formoteroL a pharmaceutically acceptable salt or solvate 
thereof, or a solvate of such a salt; and (ii) a dose of a second active ingredient which is 
budesonide. [and] wherein the molar ratio of the first active ingredient to the second active 
ingredient is from 1:2500 to 12:1. 
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Structural and inflammatory changes in 
a comparison with asthma 



Peter K. Jeffery 



Chronic obstructive pulmonary disease 
(COPD) is a major cause of morbidity and 
mortality. In Europe COPD and asthma, to- 
gether with pneumonia, are the third most 
common cause of death. In North America 
COPD is the fourth leading cause of death, 
and mortality rates and prevalence are in- 
creasing. The incidence and morbidity from 
COPD are rising. The main risk tactors are 
cigarette smoking and occupational exposure. 
Part of the reason for the slow advance in 
our understanding has been the difficulty ot 
distinguishing, with certainty, the difference 
between subjects with COPD who may sho« 
a degree of airways reversibility and those older 
subjects with asthma whose reversible airflow 
obstruction has become more -'fixed . There 
may also be mixtures of COPD and asthma 
which co-exist in any one patient (fig I). 

For the purpose of the present synopsis the 
definitions of COPD and asthma are those 
included in the recently published ERS and 
ATS guidelines;'"' there is, however, much de- 
bate and the clinical definitions are still im- 
precise. The difficulties of definition are 
compounded by the recognition that both 
COPD and asthma are not disease entities but, 
rather, each is probably a complex ot conditions 
which contribute to airflow limitation uyn ob- 
struction). In asthma, airflow limitation is 
usually variable over short penods of time and 
reversible, although an underlying irreversible 
component may develop when inflammation 
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persists in association with repeated allergen or 
occupational exposure; extrinsic (allergic; and 
intrinsic (late onset) and occupational forms 
are recognised. In COPD the limitation, par- 
ticularly to expiratory airflow, is usually, but 
not alwavs, persistent and typically shows a 
more rapid progressive deterioration with age 
than is normal. Accordingly, the most recent 
and generally accepted definition in Europe 
is- -'Chronic obstructive pulmonary disease 
(COPD) is a disorder characterised by reduced 
maximum expiratory flow and slow forced 
emptvine of the lungs; features which do not 
change markedly over several months . 1 nree 
conditions may contribute to airflow limitation 
to varvihg degrees in each patient: 

(t) 'Chronic bronchitis (mucus hyper- 
secretion) which is defined as the presence 
of chronic cough and recurrent increases in 
bronchial secretions sufficient to cause ex- 
pectoration. The secretions are present on most 
days for a minimum of three months a year, 
for at least two successive years, and cannot 
be attributed to other pulmonarv or cardiac 
causes. 4 -" Chronic bronchitis can occur in the 
absence of airflow limitation. 

(■>) Adult chronic bronchiolitis (small or 
penpheral airways disease) which is difficult 
to define clinically but may be recognised b> 
sophisticated tests of function of the small air- 
wav - that is, airways of 2 mm diameter or 
less 7 * 

C O) Emphysema which is denned anatomic- 
ally bv permanent, destructive enlargement o 
airspaces distal to terminal bronchioh without 
obvious fibrosis/ However, the presence or 
absence of an ongoing fibrotic process is still 
debated (see below). , , ropD 

The airwavs in chronic bronchitis and CUl u 
are also markedly inflamed: however, in con- 
trast to asthma the predominant type ot in- 
flammatory cell and the main anatomical site 
of the lesion appear to differ. - 

The following svnopsis focuses on the struc- 
tural changes and the inflammation of con- 
ducting ainvavs and lung in COPD and bnefl> 
makes comparisons with what is known in 
Asthma. For further details of the effect ■ « 
smoking and comparisons ot CO"U _«itn 
asthma the reader is referred elsewhere. 



PROXIMAL BRONCHI (CHRONIC BRONCHITIS. 

Cough and sputum production are the symp- 
toms most frequently experienced by smoKers. 
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Fu^n? 7 Histological section of alveolar region in a case of COPD in zimch there are 
enlarged alveolar spaces surrounding a small ainvay xith marked peribronchiolitis. Stain: 
haematoxytin and eosin (courtesy of Professor B Comnj. 
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Figure S Section of emphysematous lung in ivhtch there is destruction of alveolar 
attachments to the bronchiolar vcall. resulting m its tortuous appearance and early collapse 
during expiration. Stain: haematoxylin and eosin. 



may underlie the development of centriacinar 
emphysema. 



EMPHYSEMA 

The early changes of emphysema have been 
thought to include subtle disruption to elastic 
fibres with accompanying loss of elastic recoil, 
bronchiolar and alveolar distortion (see fig 8), 
and the appearance of fenestrae which en- 
large/' ;o an alteration which has been referred 
to as "microscopic" emphysema (fig 9). These 
biochemical and microscopic changes lead to 
loss, by destruction of the elastic framework, 
of the interaiveolar septa and the macroscopic 
appearance of spaces of more than 1 mm in 
diameter. Recent data have shown that this 
destructive process is accompanied by a net 
increase in the mass of collagen which suggests 
that, contrary to the current internationally 
accepted definition (see above), there is active 
alveolar wall fibrosis in the tissue which remains 
even in otherwise emphysematous iungs. fl 



Lwo main morphoioeicai forms of ^ 
physema have been described. They are 
tinguished anatomically by the region of 
acinus which is destroyed. Centriacinar f 
centrilobulan emphysema is characterised U 
focal destruction restricted to respiratory bro^[ 
chioli and the central portions of the acicu* 
each focus surrounded by areas en grossly ^ 
mal lung parenchyma. Tnis form of 
physema is usually more severe in the uppnj 
lobes of the lung (fig 10). Panacinar (or pai>> 
lobular) emphysema involves destruction of ^ 
walls, in a fairly uniform manner, of all the 
spaces beyond the terminal bronchiolus. Tfc 
panacinar form is characteristic of patients who 
develop smoking-related emphysema relatively 
early in life and. in contrast to the centriacinar 
form, has a tendency to involve the lower lobei 
more than the upper. In the familial form of 
panacinar emphysema it is usually associated 
with deficiency of alpha, -antitrypsin' 1 which 
normally protects the respiratory region by 
forming a highly effective anti-elastase screen. 
These distinct morphological forms are thought 
to have distinct functional properties. 52 * 
Epidemiological studies have demonstrated 
a significant relationship between cigarette 
smoking and severity of emphysema 55 but the 
mechanism(s) by which cigarette smoke cause* 
such damage is still the subject of much spec* 
ulation. The working hypothesis has been thai 
emphysema is the result of an imbalance be- 
tween proteolytic enzymes and protease in- 
hibitors in the lung, favouring an excess o7 
enzyme and, in particular, elastases. In ad- 
dition, the imbalance between oxidants an3 
antioxidants also contributes by allowing ao 
excessive oxidant burden to degrade the normal 
protease inhibitor screen.' 45 ' The proposed 
mechanism involves interactions between ci- 
garette smoke, alveolar macrophages, chemo- 
attractants. neutrophils, elastases, endogenous 
and exogenous oxidants, protease inhibitors, 
antioxidants, and lung connective tissue, prim- 
arily elastin, which undergoes repeated de- 
struction, synthesis, and degradation.' 0 

Whilst the major pathological changes of 
COPD are thought to occur in the airways and 
lung parenchyma in patients with advanced 
COPD, changes also occur to the pulmonary 
circulation, the right heart, and respirator! 
muscles.' 7 With alveolar hypoxia the medij 
vascular smooth muscle of pulmonary arteriole* 
extends distally to vessels that normally la£ 
muscle and there is intimal thickening. In a* 
dition, loss of the vascular bed occurs as • 
consequence of emphysema. Right ventricu* 
enlargement due to dilatation and/or h VPj£' 
trophy is not uncommon and atrophy of tj£ 
diaphragm occurs in some cases of COPJi 
Whilst emphysema and right ventricular hyp^j 
trophy are common in COPD, both are u?£ 
common rindines in asthma. 



Cellular infiltrate 

Xiewoehner and co-workers i? and Cosio . . 
coileagues : were among the first to descflJJJ 
the inflammation of the respiratory regi0°J 
smokers dying suddenly: inflammation in bn 





Figure I I Histological section of a mucosal biopsy specimen taken by flexible pbreoptic 
bronchoscopv from a patient with an exacerbation of bronchitis. There are large numbers 
of CD45 - leucocytes infiltrating the subepithelial zone and fewer within the squamoid 
surface epithelium. (Immunostained by Dr Li using the APAAP technique and new 
hichsin to stain the CD 45 * cells red; biopsy specimen kindly obtained by Dr Saetta.) 



Table I Fold increases (compared with healthy controls) in subjects with chronic 
bronchitis alone (CB) or with airflow limitation (CB + COPD) and atopic asthma 
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creased in the surface epithelium as did T 
lymphocytes and macrophages in the sub- 
epithelium. We found that it is the CD8 + 
lymphocyte subset which increases in number 
and proportion in COPD and the increase of 
CD8 4- cells shows a significant association 
with decline in lung function. 10 This contrasts 
with the predominance and activation of the 
CD4 + T cell subset which is the characteristic 
change of mild atopic asthma. Interestingly, 
the high numbers of neutrophils found in lavage 
fluid from subjects with COPD 78 is not reflected 
in their numbers in the bronchial mucosa, at 
least in the subepithelial zone (often referred 
to as the lamina propria) which is the zone 
usually quantified in bronchial biopsies. 10 0 



Thc^^Hive changes in each cell j m% 
munophenotype in chronic bronchitis 0r 
COPD. compared with their respective vai u ^ 
in asthma and in normal healthy subjects, ar c 
summarised in table I. Comparative studies of 
the distinct patterns of interieukin and cytokine 
gene expression in COPD and asthma are now 
urgently needed. 



Concluding comments 

Table 2 summarises the main distinctions be- 
tween COPD and asthma. There is evidence 
of inflammation in both conditions but there 
are considerable differences in terms of th c 
predominant phenotype and the site and func- 
tional consequences of such inflammation. At 
this stage in our knowledge the distinctions do 
not appear to be absolute. However, the author 
believes that by rigorous recordings of clinical 
data, careful application of the histological, 
cytological, immunological and molecular 
techniques now available, it will be possible 
for biopsy specimens of conducting airways 
to provide for differential diagnosis and the 
monitoring of either disease progression or re- 
sponsiveness to treatment in both COPD and 
asthma. 

Understanding the functional consequences 
of persistent inflammation and the ensuing 
structural damage/remodelling of airway and 
lung structure is important, difficult, and be- 
yond the scope of this mini-review; for a suc- 
cinct summary the reader is referred to an 
excellent article on the subject 15 and another 
which outlines the functional distinctions be- 
tween the centrilobular and panlobular forms 
of emphysema. 52 

The hypersecretion of mucus which char- 
acterises chronic bronchitis has traditionally 
been considered to be irrelevant to the ac- 
celerated rate of decline in forced expiratory 
volume in one second (FEV : ) and to the dis- 
ability of COPD. i0SI However, even the role of 
this apparently innocuous feature of chronic 
bronchitis has recently been questioned as two 
relatively recent studies have reported that spu- 
tum volume is associated with an accelerated 
decline in FEV,, increased hospital admission, 
and increased mortality.' 2 ■ y This is in addition 
to the undoubted detrimental effects of mucus 
on the stability of small airways in COPD.*' 



Table 2 Simplified comparison of COPD and asthma 



COPD 



A it lima 



Airflow obstruction 
Post mortem 
Sputum 

Surface epithelium 
Bronchtolar mucous ceils 
Reticular basement membrane 
Congestion oedema 
Bronchial smooth muscle 
3ronch:ai glands 
Cellular tnhltrate 

Cytokines tlSH; 



Progressive deterioration ot lung function • ? reversible 
component) 

Excessive mucus {mucoid purulent;, smail air.vav 
disease, emphysema 

Macrophage, neutrophil 'infective exacerbation. 

Fragility undetermined 

Metaplasia hyperplasia 

Variable or normal 

Variable, hbrouc 

Enlarged mass (small airways ) 

Enlarged mass t increased ac:dic glycoprotein: 

Predominantly CD3. CDS. CD68. CD:5. VLA-I 

and HLA-DR -ve. mild cosinophilia not 

degranuiateo.? \ mast ceii increase 

GM-CSF protein r H---* but not IL-5 



Variable ', z irreversible component: 

Hypennriaiion. airwav plugs exudate - mucus . no<* 
little emphysema 

Eosinophils, metachromatic ceiis. Creoia bodies 
Fragiliry loss 

Mucous metaplasia is debated 
Homogeneously thickened and hyaline 
Present 

Enlarged mass : large airways i ~r 
Enlarged mass -.no change in mucin histochemistry) 
Predominantly CD3. CD4. CD25 IL-:R*. -ve. ^t» : 



marked eosmophilia 'EG2 -ve i dcgranuiaieu 
ce:l increase decrease in >evcre laui 
IL-4 - IL-5 gene expression .Th2 profile. 
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Reproduced with permission from reference 
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of the lung in COPD. Similarly, there is wide- 
spread inflammation in asthma and tissue eos- 
inophil has recently been reported even in the 
alveoiar waits. " The involvement of activated 
lymphocytes seems to be a common theme in 
both conditions yet the profound tissue eos- 
inophil of asthma does not appear in COPD. 
The predominant lymphocyte subsets in 
COPD and asthma appear to be distinct - that 
is, CDS- and CD4- cells, respectively (see 
table l). Whilst there is consequent tissue de- 
struction and remodelling in the periphery in 
COPD, there seems to be a contrasting trend 
towards involvement of relatively large prox- 
imal airways in asthma, particularly in respect 
of thickening of the reticular basement mem- 
brane and enlargement of the mass of bronchial 
smooth muscle - changes which do not occur 
in the large airways in COPD. The airflow 
limitation of COPD has two major recognised 
components: (I) increased resistance to airflow 
due mainlv to the inflammatory and structural 
changes described in small airways and (2) loss 
of lung elastic recoil due to inflammation and 
alveolar wall destruction. It has been suggested 
that, when emphysema is mild to moderate, 
small airwav lesions assume overriding import- 
ance, but if emphysema is "severe" it then 
dominates the contribution to decreased lung 
function." Interestingly, a report by Hogg and 
co-workers found little relationship between 
macroscopic emphysema, severity score and 
FEV, and concluded that microscopic em- 
physema and small airway lesions were prob- 
ably most responsible' 5 for the deficit in lung 
function; this conclusion has received lively 
debated 

As manv life long smokers do not succumb 
to emphvsema, constitutional factors are also 
likelv to be important. Genetic deficiency of 
alpha, -anti trypsin is well documented and 
smoking in this group clearly advances the onset 
of emphvsema and accelerates its subsequent 
progression. Other genetic factors such as vari- 
ation in ceilular response to cytotoxicity, phago- 
cytosis, and enzvme release may be important 
determinants of susceptibility to cigarette 
smoke." More recently O'Shaughnessy and 
colleagues 10 have suggested that airway (and 
lung) "susceptibility to the effects of cigarette 
smoke is likely to be greater in those individuals 
who alreadv have a genetically determined low 
CD4.-CD8+ cell ratio in their peripheral 
blood." This is a novel explanation as to why 
only about 20% of smokers might succumb to 
its dele:erious effects; however, the hypothesis 
requires testine and epidemiological proot. 

Lone term studies (soon to be reported) ot 
the use ot inhaled corticosteroids in COPD are 
currentlv in progress to test the hypothesis that 
airwavs "inflammation bears a relationship with 
the rate of decline in FEV,; if the relationship 
is a direct one then there should be a slowing 
of the rate of decline following attenuation 
of the inflammatory reaction. We await these 
results with interest. 

The author wishes to dunk Miss Uor.e Oscar for her help tn 
:hc preparanon ui the rr.anuscnct. 
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Abstract 

Background and Methods Although patients with 
chronic obstructive pulmonary disease <COPD) should 
stop smoking, some do not. In a double-blind, pla- 
cebo-controlled study, we evaluated the effect of 
the inhaled glucocorticoid budesonide in subjects 
with mild COPD who continued smoking. After a six- 
month run-in period, we randomly assigned 1277 sub- 
jects (mean age, 52 years; mean forced expiratory 
volume in one second IFEVJ. 77 percent of the pre- 
dicted value; 73 percent men) to twice-daily treat- 
ment with 400 fxg of budesonide or placebo, inhaled 
from a dry-powder inhaler, for three years. 

Results Of the 1277 subjects, 912 (71 percent) 
completed the study. Among these subjects, the me- 
dian decline in the FEV t after the use of a bronchodi- 
lator over the three-year period was 140 ml in the bu- 
desonide group and 180 ml in the placebo group 
(P=0.05>. or 4.3 percent and 5.3 percent of the pre- 
dicted value, respectively. During the first six months 
of the study, the FEV, improved at the rate of 17 ml 
per year in the budesonide group, as compared with 
a decline of 81 ml per year in the placebo group 
IP<0.001). From nine months to the end of treat- 
ment the FBV, declined at similar rates in the two 
groups (Ps0.39). Ten percent of the subjects in the 
budesonide group and 4 percent of those in the pla- 
cebo group had skin bruising (P<0.001). Newly diag- 
nosed hypertension, bone fractures, postcapsular 
cataracts, myopathy, and diabetes occurred in less 
than 5 percent of the subjects, and the diagnoses 
were equally distributed between the groups. 

Conclusions In persons with mild COPD who con- 
tinue smoking, the use of inhaled budesonide is as- 
sociated with a small one-time improvement in lung 
function but does not appreciably affect the long-term 
progressive decline. (N Engl J Med 1999;340:1948-53.) 
©1999. Massachusetts Medical Society. 



i changes in the airways and lung parenchyma. 1 Air* 
! way inflammation in COPD differs from such in- 
flammation in asthma. 4 Inhaled glucocorticoids arc 
I successfully used in asthma. s Some studies have shown 
an effect of inhaled glucocorticoids on airway in- 
I flammation in COPD.* 9 In this study, we tested the 
! hypothesis that regular treatment with the inhaled 
• glucocorticoid budesonide would reduce the decline 
j in lung function in patients with mild COPD who 
. continued smoking. 10 

| METHODS 
Study Design 

j The study was a panild-group, double-blind, place bo- controlled , 
randomized, mulacenter study. Thirty-nine study centers in nine 
j European countries (Belgium, Denmark, Finland, Italy, the NerJi- 
I c Hands, Norway, Spain, Sweden, and the United Kingdom) par 
ticipated. Approval from regulatory and ethics committees was 
. obtained ar ail centers. AH subjects gave written informed content. 
| The study started with a run-in phase consisting of a three- 
month smoking -cessatioo program. All subjects received exten- 
sive information about die health hazards of smoking and a start- 
| ing package of nicotine gum. More extensive smokxng-ccssation 
! programs were encouraged. In subjects who did not stop smok- 
ing, this phase was followed by s three -month period during 
I which compliance with inhaled medication was assessed with the 
; use of a pUccbo<ctnraining dry-powder inhaler with a hidden me- 
chanical counter. Subjects who continued smoking and were at 
j least 75 percent compliant with the recommended treatment reg- 
! imen were randomly assigned to twice -daily treatment with other 
400 ug of budesonide (Pulmxrorc, Astra, Stockholm, Sweden) or 
j placebo from a dry-powder inhaler (Turbuhakr, Astra) tor three 
' years. The primary outcome variable was the change over time in 
forced expiratory volume in one second (FEV,) after use of a 
j broochodilarar. 

Subjects 

I Persons 30 to 65 years of age were eligible if they were currently 
I smoking it least five cigarettes per day and had smoked cigarettes 
for at least 10 yean or had a smoking history of at least 5 pack- 

I 



CHRONIC obstructive pulmonary disease 
(COPD) is characterized by a progressive | 
and largely irreversible limitation of airflow. 
Cigarette smoking is the principal risk fac- 
tor, and smoking cessation has been shown to dc- ' 
crease the rate of* decline in lung function, 1 but the 
success of smoking-ccssation programs is limited. 2 I 

The decline in lung function in patients with 
COPD is related to the presence of inflammatory « 
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years. The FEV, ihtr rhc use of a bronchodilator had ro be be 
r*een 50 percent and 100 percent oi' rhc predicted normal val- 
ue, 1 * and the ratio of prebronchodiiator FEV, ro slow vital capac- 
ity had ro be leu than 70 percent. The increase in FEV, a tier the 
inhalation or 1 mg of terbotaline from a dry-powder inhaler had 
to be less than 10 percent of the predicted normal value. The 
change in FEV, between die end of rhc first three-month period 
of the run-in phase and the end of ihe second had to be icss than 
IS pcrcenr. Subjects with a history of asthma, allergic rhinitis, or 
allergic eczema and those who had used oral glucocorticoids for 
more than four weeks dunng the preceding ax months were ex- 
cluded. The use of inhaled glucocorticoids other than the study 
medication, beta-blockers, cromones, or long-acung inluled 0 
adrenergic agonists wis not allowed. 

Outcoma Measures 

Clinic Visits 

The subject* were seen at the clinics every three months for spi- 
rometry and evaluation of smoking habits, compliance with med- 
ication, and safery-relatcd variables. Ar selected centers, bone den- 
sity was measured before treatment and after 6, 12, 24, and 36 
months. Spine radiographs were obtained before and at the end 
of treatment. 

Spirometry 

Each center was supplied with a dry roHing jcai spirometer 
(model SMI III, Spiromecrks, Auburn, Me.). The criteria of the 
American Thoracic Society 12 were used to determine FEV.. All 
technicians attended an initial training session about the spirom- 
eter and the technique* to be used. Thereafter, regular visits were 
made by a monitor ro check the calibration of the spirometer and 
to monitor the technique. 

Spirometry was performed with the subject seated and wearing 
a nose clip. At recruitment and at the end of the study, slow vital 
capacity and FEV, were measured after at least 6 hours without 
inhaled bronchoddatocs and after 24 hours without oral broncho- 
dilators. Three technically adequate and two reproducible maneu- 
vers were required for the measurement of slow vital capacity and 
FEV,. The largest values measured for stow vital capacity and FEV, 
were accepted, provided the second largest measurement was 
within 0.1 liter or 5 percent of the largest measurement. At all 
clinic visits, FEV, was obtained 15 minutes after the inhalation of 
I mg of terburalmc. Values were corrected for body temperature, 
ambient pressure, and water saturation and compared with rhe 
reference values of the European Community for Coal and Steel." 

Safmtf Studies and Serum Analysis 

At each visit, subjects were specifically asked whether they had 
received a diagnosis of glucocorticoid mated diseases or condi- 
tions such as hypertension, bone fractures, posterior subcapsular 
cataracts, myopathy, or diabetes in the preceding period. The 
number of skin bruises larger than 50 mm in diameter on the vo- 
lar side of the forearms was noted. All other adverse events were 
recorded. Serious adverse events were those that were judged by 
the investigators to constitute a hazard or handicap to rhc subject. 

Lateral thoracic and lumbar spinal radiographs were obtained 
with standard values for target-to- film distance and centering. 
The films were sent to a central cvaluator who was unaware of the 
treatment received and, were analyzed according to a standardized 
computerized protocol. The presence or absence of vertebral frac- 
tures ar base line was dctermmed by comparing each subject's base- 
line vertebral height ratio with reference values. A new fracture 
was defined as a reduction of at least 20 percent, with an absolute 
decrease of at least 4 mm. in the height of any vertebral body.' 

We measured the bone mineral density of the lumbar spme (L2 
to L4), the femoral neck. Ward's triangle, and the trochanter by 
dual-energy x-rav absorpnomctry with a densitometer (model 
QDR-1000, HologK, Wahham, Mass., or model DPX-L, Lunar, 
Madison, Wis.). The quality of the instruments was assessed before 



and :hen monthly during the study by an external oi conization 
«,Bona Fide. Madison, Wis ). 
1 At randomization a blood sample was taken :o :tsi :bf IgE an- 
ybodies (Phadiatop. Pharmacia 5c L'pjoini. Uppsala. Sweden.. 

j Statistical Analysis 

The sampie size was based on an esnnured staiuiard deviation 
I of the mean slope of the FEV, of 100 ml per vcar according to a 
I previous study. 1 * a withdrawal rate of 40 percent, and a power of 

80 percent to detect a diiTercnce in treatment response of 20 ml 

per year. Data on the randomized subjects were analyzed on an 
| intention -to- treat basis. Student's t-tcst was used ro compare 

Treatment groups with respect to normally distributed variabies. 

and the Wilcovon rank- sum test was used for other variables. The 
| x l «st was used to compare categorical variables. Differences were 

• assessed with rwo-sided rests, with an alpha ievel of 0.05. 

Several models were used to assess the senai changes in the var- 
j iables of interest in the longirudinal data. First, the change in the 
' variables over time was examined graphically. Unweighted and 
weighted individual regression lines of the variable of interest 
j against ame were used to cstimare the slooes lor each subject. 
' The weighted regression lines were estimated by linear- mixed- 
effects modeling,* » " with intercept and d me in the model as both 
I fixed and random effects. The slopes were calculated for various 
I periods wirh stratification according to conlbunders, eiTcct mod- 
ifiers, or both, and were compared between treatment groups. 
I Piecewisc linear regression analysis of FEV, agamsr time within 
the budesonide group with a U near- mixed crfecrs model showed 
a best fit with one breakpoint after three or six months of treat- 
| mcnt and fitted significantly better than a model that issumed 
' linearity over the whole study penod. The study penod was there- 
fore partitioned into two periods. The best lit was determined 
j with the likelihood-ratio rest for nested models or with Akaikcs 

• information criterion statistic." 

The data are presented either as absolute changes for all sub- 
; jeers who were in rhe study at a certain time or as unweighted 
slopes on the intention-to-treat population These data arc pre- 
sented as median values, since their distribution was not normal. 

RESULTS 

From January 1992 to July 1993, 2157 potential 
subjects were recruited at the participating centers. 
Of these, 462 were found to be ineligible, and the re- 
maining 1695 were enrolled in die smoking- cessation 
program, during which 169 (10 percent) stopped 
smoking. Of the remaining 1526 subjects, 1277 (84 
percent) were compliant with the inhaled medica- 
tion, continued smoking, and were randomly assigned 
to treatment (643 to placebo and 634 to budeso- 
nide). Nine hundred twelve subjects (71 percent) re- 
mained in die study for three years. During the 
study, 198 subjects were withdrawn because of non- 
compliance with the study procedures, 132 were with- 
drawn because of adverse events, and 35 were lost ro 
follow-up, resulting in 176 withdrawals from the bu- 
desonide group and 189 from the placebo group. The 
reasons for withdrawal were similar in the rwo groups. 

The base line characteristics of the subjects in the 
two groups were similar (Table 1). The mean a*e was 
52 years; 354 (27 percent) were women. The major- 
ity had been heavy cigarette smokers for many years 
and had mild, poorly reversible airflow limitation. 
The subjects had decreased their cigarette consump- 
tion during the six months before randomization (to 
a mean of 18.8 and 17.3 cigarettes per day, respec- 
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Tabu 1. Base-Une Chaaacterjstics of the 
1277 Subjects at Enhoument." 



AH Subjects Treated 



Cmajucuustic 

Mak %n <V 
Heighi (cm) 
Wetght Jkfi) 

PrebfonchodJarof FEV. (litcn) 
Prcbroochodilator FEV, (% of predicted) 
FEV,:SVC 

Rrwrubilicy of FEV, (% of predicted:! 

Pick-ycan of unokiog 

Age when jrarrcd vmokr.g (yT) 

Duration of smoking (yr) 

Smoking it entry (no. of cigaiettrj/day) 

Smoking ar randomization (no. of 

cigarettes /div) 
Pontwt Phadiatop tew ( VJ 



Putcro 
G»ou» 
(N*G43) 

52.4r7.7 
72.2 

173*9 
73.9M3.6 
2.54*0.64 
76.9±13.2 
61.7^7.0 

2.8 = 3.6 
39.2120.1 
16.4 = 3.8 
35 9r8.2 
22.4 ill.! 
17.3=10.5 

18.9 



Buocsoant 
G*our 
IN-M4) 

52S±7S 

73 5 
173r8 

74.7 = 13.2 
2.53=0.64 

76.8 = 12.4 
02.2=6.8 

2.9= J « 
39.4=20.1 
16.8=3.9 
35.8=7.8 
22.0=9.8 
18.8 = 11.1 

17.7 



•Plui-minui vaJue* are means =SD. FEV denotes forced cvptnxorv 
volume in one second, and SVC slow vitai capacity 

(Tnis variable was measured after the inhalation ofl mg of tcrtwraiinc. 

tThe Phadiatop test dcteccTche presence irTlenim of IgE antibodies io 
a panel of common inhalant allergens. 
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lively, in the budesonidc and placebo groups at ran- . 
domination). An increasing number of subjects in | 
both treatment groups reported quitting smoking 
during the treatment period. Ar the end of the study, j 
approximately 10 percent of the subjects (9.1 per- 
cent of the budesonidc group and 11.2 percent of the i 
placebo group) reported not smoking during the I 
previous six months. ^ 

Changes in FEV, Values after Broncho dilator Use 

ovef Time j 

The changes in postbronchodilator FEV, over time 
differed between the two treatment groups (Fig. 1). 
The placebo group showed a linear decline in FEV, 
over time, with a slope of -65 ml per year. In the 
budesonidc group, the FEV, improved over the first | 
six months at a rate of 17 ml per year, as compared 
with a decline of 81 ml per year in the placebo group j 
(r<0.001). However, the slopes from nine months 
to the end of treatment were similar in the two . 
groups: -57 ml per year in the budesonidc group I 
and -69 ml per year in the placebo group (P = 0.39) 
(Table 2). During that period, 55 percent of the I 
subjects in the placebo group had a rapid decline in 
FEV, (more than 60 ml per year), as compared with | 
49 percent of the subjects in the budesonide group 
(P = 0.06). In the 912 subjects who completed the | 
study, the median decline in FEV t over the rhree- 
ycar period was 140 ml in the budesonidc group and i 
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Figure 1. Median Chance in Forced Expiratory Volume in One 
Second <FEV,I as Comoared with the Value at Randomisation 
IMonth 0) in the Placebo lO) and Budesonide (■) Groups. 
The change is shown for all subjects treated, for subjects with 
a smoking history of 36 pack-years or less, and for subjects 
with a smoking history of more then 36 pack-yeaTS. 
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Tabu Z. Ciiasce in FEV ovtR T:me in the Two Treatment 
G.iolts according to Smoking History.' 
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Subyccu with * 36 
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Subjects with >36 
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'Subject* were divided into two equal groups according to their smuk- 
uig history at cwoument. The median wis 36 pack-yew. FEV. denotes 
forced expuiiory volume in one second. 

TThe change is shown as the median ot the REV, slope > (in rmUiKrcrs 
per year) during different pans of the study. 



Taa£ 3. Serious Adverse Events, Discontinuations Due to 
Adverse Events, Deaths, and Glucocorticoid Related 
Side Effects. 
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Skin bfuisct — no. of subject* (*) 
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•The five mosr rrequcn: cacegonei of icnoos adverse events and the five 
most frequent adverse events leading to discontinuation are listed. A teri- 
ous advene event was defined as an adverse event that was fudged by the 
investigator* to constitute a hatard or a handicap to the subject. 

| The causes of death in the placebo group were bronchial carcinoma 
(3 subjects), sudden cardiac airest (2), trauma (2). myocardial infarction 
{]>, pulmonary embolism (1), and exacerbation of COPO {V.. The causes 
of death in the budesorudc group were bronchial carcinoma (3). myocardial 
infarction (2), sudden cardiac arrest il). raptured aotoe aneurysm ( I), and 
gascne carcinoma (l). 



180 ml in the placebo group (P = 0.05), or 4.3 per- 
cent and 5.3 percent of their respective predicted 
values (P=0.04). I; 

Budcsonidc had a more beneficial effect in sub- 
jects who had smoked less (Fig. 1). Subjects with a 
history of smoking that was at or below the median of 
36 pack-years at enrollment had a decrease in FEV. 
ofl90 nil during placebo treatment and of 120 ml 
during budcsonidc treatment (P<0.001). The loss of 
FEV! in three years among subjects with more dun 
36 pack-years of smoking was 160 ml during placebo 
treatment and 150 mi during budesorudc treatment 
(P = 0.57). Analysis of FEV, slopes indicated thar age, 
sex, base-line FEV 4 , the presence or absence of se- 
rum IgE antibodies, and reversibility of airflow lim- 
itation had no significant effects on the outcome of 
treatment. 

Similar percentages of subjects stopped smoking 
in both treatment groups; thus, stopping smoking 
did not explain the difference in the change in FEVj 
between the groups. When we compared the change 
in FEV, between the subjects who continued smok- 
ing at die same rate and those who cither decreased 
their consumption by more than fwc cigarettes per 
day or stopped completely, we found a nonsignifi- 
cant trend toward a beneficial effect in addition to 
the effect of budesonidc. 

Sida Effects and Safety 

More subjects in the budesonidc group had skin 
bruising (Table 3). In total, 10 percent of subjects 
in the budesonide group and 4 percent of those 
in the placebo group had bruises during die study 
(P<0.001). The highest prevalence of bruises at any 
visit was 4.9 percent in the budcsonidc group and 
1.4 percent in the placebo group. 

Bone density was measured in 194 subjects (102 
in the budesonide group and 92 in rhe placebo 
group). There was no significant change over time 
and no significant effect of treatment on bone den- 
sity, except for a small but significant difference at 
the femoral trochanter in favor of budesonide. The 
yearly decline in the bone density of the trochanter 
was 0.38 percent in the placebo group and 0.04 per- 
cent in the budesonide group (P = 0.02). 

Two sets of radiographs of the spine were assessed 
in 653 subjects, 185 women and 468 men. At ran- 
domization, 43 in the budcsonidc group (13.4 per- 
cent) and 38 in the placebo group (11. 5 percent) 
had at least one vertebral fracture. During the study, 
new fractures were unusual (three in the placebo 
group and eight in the budesonide group) and were 
similarly distributed (P = 0.50). 

Newly diagnosed hypertension, bone fractures, 
postcapsular cataracts, myopathy, and diabetes oc- 
curred in less than 5 percent of the subjects and were 
equally distributed between the groups (data not 
shown). 
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Serious Adverse Events 

Serious adverse events were equally distributed be- 
rween the groups (Tabic 3). Seventy patients in the 
budesonide group were withdrawn from the study, as 
compared with 62 in the placebo group (P=0\51). 
More subjects in the budesonide group withdrew 
from the study because of nonserious adverse events 
(35, vs. 23 in the placebo group), mainJy oropharyn- 
geal candidiasis (8 in the budesonide group and none 
in the placebo group) and local irritation of the throat 
or dysphonia (8 in the budesonide group and 2 in 
the placebo group). 

DISCUSSION 

Patients with COPD must always be advised and 
encouraged to stop smoking, and they should be of- 
fered treatment programs to facilitate smoking ces- 
sation. Nonetheless, some patients continue to smoke. 
In such patients with mild COPD, we found that the 
use of inhaled budesonide was associated with a 
small, one-time improvement in the FEV t after bron 
chodilator use, but that it did not appreciably affect 
the long-term progressive decline in lung function. 

In the placebo group, the postbronchodilator 
FEV t declined by a median of 180 ml over a period 
of three years, the median slope being —65 ml per 
year. In the budesonide group, the median decrease 
in FEV, over the three years was 140 ml. The benefit 
of budesonide was Limited to the initial six months 
of treatment. The beneficial effect of budesonide 
was greater in subjects with a history of fewer pack- 
years of smoking. 

Wc studied subjects with mild COPD (mean FEV\, 
77 percent of the predicted value at base line) and 
a history of moderate -to heavy cigarette smoking. 
These characteristics are similar to those of the pa- 
tients in the Lung Health Smdy. 1 Wc attempted ro 
exclude subjects with asthma by eliminating those 
with a history of asthma or any other atopic disease or 
with reversible airflow limitation. The presence or 
absence of IgE antibodies or the degree of reversibility 
of the airflow limitation did not influence the effect 
of budesonide. The decline in FEV. in the placebo 
group corresponds with findings in other long-term 
follow-up studies of COPD. 1 - 19 -* 0 

Most studies of glucocorticoid treatment in pa- 
tients with COPD have examined short-term effects 
on airflow limitation. 1 - 1411 29 Results have been vari- 
able, but several studies have found an increase in 
FEV, after treatment with oral or inhaled glucocor- 
ticoids. 2, - 2?7S - 2V The change in FEV t during the first 
months of our study is in line with these findings. 
Few studies have investigated the effect of glucocorti- 
coid treatment on the long-term change in FEV, in 
patients with COPD. Two retrospective studies sug- 
gested that daily treatment with prednisolone might 
slow the progressive decline in FEV,. 10 31 In a small 
group of patients with COPD who had previously 



' been treated with bronchodilators, Dompeling er 
al."- 32 observed that daily treatment with 800 u,g 
of beelomcthasonc was associated with an increase 
in prcbronchodiiator FEV, during the first 6 months 
of treatment, followed by a decline during the re- 
maining 18 months of the treatment period. In a two- 
year controlled study in a small group of patients with 
COPD, Renkema et al. H did not find a significant ef- 
fect of treatment with budesonide (800 jig twice 
daily alone or in combination with 5 mg of prednis- 
olone daily) on the decline in FEV,. 

Wc also examined the side effects of inhaled glu- 
1 cocordcoids in a group of middle-aged smokers. An 
increased prevalence of skin bruising in patients treat- 
ed with high doses of inhaled glucocorticoids has 
been reported in cross- sectional studies. 33 - 34 In our 
smdy, the budesonide group had an overall incidence 
of skin bruising of 10 percent, as compared with 
4 percent in the placebo group, with a maximal prev- 
alence at any time of 4.9 and 1.4 percent, respectively. 
There was also a higher incidence in the budesonide 
group of oropharyngeal candidiasis and local irrita- 
tion of the throat, both well-known side effects of 
inhaled glucocorticoids. We found no significant 
effect of budesonide on bone density or the fracture 
. rate, although all subjects were smokers and many of 
the women were postmenopausal — both of which 
are well-known risk factors for fracture. 

The overall effect of three years of treatment with 
budesonide on FEV, in subjects with mild COPD 
who continued smoking was quite limited as com- 
pared with the beneficial effects of inhaled glucocor- 
| ticoids in asthma. Although the base-line FEV, is 
: , significantly related to the prognosis of patients with 
' COPD, 20 we cannot extrapolate our findings to assess 
the potential effect on disability or mortality. The 
small, overall, one-time beneficial effect on pulmo- 
nary function and the possibly more pronounced ef- 
fect in the subgroup of those who had smoked less 
must be balanced against the risk of local and sys- 
temic side effects. 

Funded by a grant from Akti Draco, Lund, Sweden. 

APPENDIX 

The following physicians enrolled paiienu in the European Respiratory 
Society Study on Chronic Obstructive Pulmonary Disease: Belgium — M. 
Defonghe. J. Aumann. W Vmcken, and W. De Backer; Denmark — A. 
Kok-Jenaen, R. DaW. *nd P. Tannescn; Finland — T. V^u, S Koekincn, 
r. Tokiamcn, P. Saarciainen. and R. Kulmala; Ualy — A. Totena, C. Ciun- 
ank A. Fores, and 5. Bianco; the Ncrhedinds — R. van Aitrr.a. FT. Mar- 
acn. L. Gree/bom, and P. van Spiegel; Norway — K Rjngdai, C A Srxndal. 
G. Vea. V. Soviet, and G.M. A/ckktr; Spain — R. Rodriguce Roisin, ). 
Morera Pra;, J.M. Marin Tngo. A. A. Farcia Navarro, and S.A. LeopoJdo. 
Sweden — B. Lundback, K. Strom, L. Lazex, and T. Mansion; United 
Kingdom — J. Gibson, A. Wade, P. Ind, and A. Tattcnheld. The following 
committee member* were involved in the study: Safety Committee — J. 
hoc, Norway; T.-B. Conradson, Sweden (Astra Draco); L.M. Fabbn, Italy; 
and H. Magnuascn. Germany. Scientific Committee — A. Taueniield, 
United Kingdom; R. D*W. Denmark; G.J. Huchoo, France; B. Mossberg, 
Sweden; P. Paoletti. Italy; R. Rodriguea Rouin. Span; and J.C. Yemaulr, 
Br Igium. The following consultant* were involved in the study P. Quanier 
and P. Srerk (spirometry), the Netherlands |.M Vonk (iututicij. the 
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^thcr!»nd»; and O- lohocll (cvaAiacion of r^npcu 

i ay absorpu^mc measurements). Sweden. The *^*^J^\ 

:es were urvolved in the study: G- Jornson istudy 

ion {data er.try>. M. Broddcnc tsaiecy evaluate,, and H- 

«,). The r.anonai metiical monitors were C Wouteri. A- Vtndcnbcmchc, 

M VUstn*. 0. Oueu. T. Svahn. E * ^T; 

E. TunaS* M- van drn Dobbcbtcc». V. van Diiri-SrJumO - ^ 

X. E^N^arfO. £. MHcer Thorn*, A- MacLean, F. Ckn. sod E. Story. 
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Abstract 

Background and Methods Although their clinical 
efficacy is unclear and they may cause serious ad- 
verse effects, systemic glucocorticoids are a stand- 
ard treatment for patients hospitalized with exacer- 
bations of chronic obstructive pulmonary disease 
(COPD). We conducted a double-blind, randomized 
trial of systemic glucocorticoids (given for two or 
eight weeks) or placebo, in addition to other thera- 
pies, for exacerbations of COPD. Most other care 
was standardized over the six-month period of fol- 
low-up. The primary end point was treatment failure, 
defined as death from any cause or the need for 
intubation and mechanical ventilation, readmission 
to the hospital for COPD, or intensification of drug 
therapy. 

Results Qf 1840 potential study participants at 25 
Veterans Affairs medical centers, 271 were eligible 
for participation and were enrolled; 80 received an 
eight-week course of glucocorticoid therapy, 80 re- 
ceived a two-week course, and 111 received placebo. 
About half the potential participants were ineligible 
because they had received systemic glucocorticoids 
in the previous 30 days. Rates of treatment failure 
were significantly higher in the placebo group than 
in the two glucocorticoid groups combined at 30 days 
(33 percent vs. 23 percent P-0.04) and at 90 days 
(48 percent vs. 37 percent, P»0.04). Systemic gluco- 
corticoids (in both groups combined) were associat- 
ed with a shorter initial hospital stay (8.5 days, vs. 
9.7 days for placebo; P=0.03) and with a forced ex- 
piratory volume in one second that was about 0.10 
liter higher than that in the placebo group by the first 
day after enrollment. Significant treatment benefits 
were no longer evident at six months. The eight- 
week regimen of therapy was not superior to the 
two-week regimen. The patients who received glu- 
cocorticoid therapy were more likely to have hyper- 
glycemia requiring therapy than those who received 
placebo (15 percent vs. 4 percent P= 0.002). 

Conclusions Treatment with systemic glucocorti- 
coids results in moderate improvement in clinical out- 
comes among patients hospitalized for exacerbations 
of COPD. The maximal benefit is obtained during the 
first two weeks of therapy. Hyperglycemia of suffi- 
cient severity to warrant treatment is the most fre- 
quent complication. (N Engl J Med 1999;340:1941-7) 

©1399. Massachusetts Medical Society. 



PATIENTS with chronic obstructive pulmo- 
nary disease (COPD) frequently have exac- 
erbations that require hospitalization. Hos- 
pital treatment for this common condition is 
associated with high costs and relatively poor out- 
comes. 1 In addition to antibiotics, oxygen, and bron- 
chodilators, most hospitalized patients receive sys- 
temic glucocorticoids. Less severely ill patients often 
receive oral glucocorticoids as outpatients. 

Systemic glucocorticoids improve outcomes in pa- 
tients with acute asthma, 2 but their clinical efficacy in 
the treatment of COPD is less dear. Two small trials 
suggested that several days of therapy with systemic 
glucocorticoids improved the forced expiratory vol- 
ume in one second (FEV,) during exacerbations of 
COPD. 1 * 4 Another trial found that a single dose of 
mcthyiprednisolone did not improve spirometric re- 
sults over the succeeding five hours.* None of these 
trials were explicitly designed to evaluate clinical out- 
comes. The role of systemic glucocorticoids in pa- 
tients with stable COPD is similarly unclear. 6 

Adverse effects of the short-term administration 
of systemic glucocorticoids include secondary injec- 
tions, hyperglycemia, and a range of mood and be- 
| havioral changes. 7 Long-term therapy may cause os- 
teoporosis, cataracts, hypertension, myopathy, and 
adrenal insufficiency. 

We conducted a randomized, double-blind, place-, 
bo-controlled, multicenter trial to evaluate the effi- 
cacy of systemic glucocorticoids for exacerbations of 
COPD. The principal objective was to determine rates 
of treatment failure. A secondary goal was to deter- 
mine the optimal duration of treatment. 

METHODS 

The Human Rights Committee of the Veteran* Afiain Coop- 
erative Studies Program and the instrmoonaJ review board* of the 
participating medical center* •approved this study. Mi patients 
give written informed consent. 



From the Veterans Aftir, medic*! center, io Minneapolis (DE.-V,, Urte 
Rock, Arte (M.U., PJW. Hine*. UL fKWH. 

fILWX.); the Coopersdvc Swdks Program Covenant* Center West 
TWn HcJw fILRD D-C); tad the Vmmi Aftirs Coopcraovc Snid.cs 

v J^rwj a M ) Addrc« repnnx requests to Dr. Nicwoehner at the Pel- 
££rS Ito CitS? veSan, Attain Mcdicai Cent* I Veterans Dr.. 
Mianempnui. MN 55417, or it mcwoQO I ©miroon.x-uinnxdu. 

•Other invesnguors who pvucipited in the itudy art lined in the Ao- 
pendia. 
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We designed this studv to assess the equivalence of two ip 
proaches :o the treatment of COPD." System* glucc^rocot* 
Ire the stmdzid therm for hospitalized patients with COP D, 
even though tbev have adverse effects. Therefore, the withholding 
of glucocorticoids may be viewed is in experimental intervention 
associated with no gjucc*orocoid-reiated complicanons. The plan- 
ning committee settled on a 7.S percent absolute difference in the 
rate of treatment failure as the clinically meanmgrui upper hnui. 
In other words, withholding glucocorticoid* would be consid- 
ered the preferred treatment if the results showed a difference in 
the failure rate (the rate with placebo minus the rare with aarve 
treatment) of 7.5 pcrcenr or less. The secondary objecove was to 
assess the equivalence of two differenr periods of therapy (two 
and eight weeks). The follow-up period lasted for sia months 
from the time of enrollment. A detailed descrirmon erf 'the : ranon- 
ate for the study, its design, the protocol, and the planned analy- 
ses is provided elsewhere." 

Study Population 

AH patients admitred to participating Veterans Affairs medical 
centers for exacerbations of COPD were potential ™ c 
principal inclusion criteria were a clinical diagnosis of exacerba- 
tion of COPD. an age of 50 years oc more, a ^oryof 30 pack- 
years or more of cigarette smoking, and e.ther an FEV, of I.dO 
Uters or less or an inability to undergo spirometry because ot 
dvsonca The principal exclusion criteria were a diagnosis of asth 
^ o^Sucocordeoida wimin the preceding 30 days, 
c^ung medical coitions that made survival for at least! year 
unlikely md inability to give informed consent. We obtained 
base-line data on respiratory disease and other pertinent aspects 
of the medical history by means of a questionnaire » 



We randomly assigned patients wufam V I hours after Denta- 
tion to one of three treatment groups. The first e^"PJ^ d 
eight weeks of glucocorticoid therapy, consisting of "^ravenous 
me^ylprednisotone (Solu-Medrol, Pharmacia 8c Upjohn Kala- 
maroo Mich.) (given in a dose of 125 mg every 6 hours for 72 
ho\irs) followed by once -daily oral prednisoox (60 mg on study 
5^4 'through 7, 40 mg on days 8 through 11, 20 mg on days 12 
Sough 43,10 mg on days 44 through 50, and o mg on days 51 
through 57). The second group received two weeks of gluco- 
corticoid therapy, consisting of intravenous mcthv^rcdxusolone 
S eveT6 hours for 72 hour,). followed by oral predm- 
one (60 mg on days 4 through 7, 40 mg on days 8 through 11, 
Z lO mg on days 12 through 15). with P^o c^es on 
studv days 16 through 57. The third group received placebo, con- 
£mg oFan S volume of inmvenous 5 percent dextrose 
^L (e^erTo hour, for 72 hours), followed by^bocap- 
sulcs on days 4 through 57. Randomixanon was straufied accord- 

D^tTwere assigned to the placebo group. 30 percent to the 
c^w^ucXticoid group, and 30 percent to the two- 

^^^T Cooperative Studies Clinical Research 
Pr^macy^dinaung Center distributed the study mcdica- 
research pharmacisa dispensed the mtxavenous 
m^oTin a bunded fashion. All paoents received the same 
Samtoof idenucal-appearing study capsule, in bhster packs. We 
assessed compliance on the basis of capsule counts 
^ paoents remained hospitalised for it least three days for 
/J^n^rheraov after which they received capsules of predru- 
St weeks^ospitai staff decided the date 
Tc^scnarge ^er three days of intravenous therapy^ AU the pa - 
acnts received a broad-sacrum antibionc for seven days. For the 
en£ Tu-month penoaTthe patients were <^*"™££ c 
haled fl-adrencrgic agonist (two purB from a mctcred-a^ mhalcr 
oTa nrt^er^arment at least four time, daily), inhaled ipratro- 
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pium bromide (two ouirs from a meterrd-dose inhaler or a nebu- 
lizer treatment at least four times daily), and starting on day 4, 
inhaled triamcinolone aceuxtide (eight puft daily in divided doses; 
or its equivalent. Use of theophyUine, high-dose inhaled gluco- 
corticoids (more than eight pufts daily of triamcinolone acetooide 
or its ecmrvaJentl, and open label systemic glucocordcoids was 
not allowed. Treatment was considered to have (ailed if any of the 
forbidden medicadons were prescribed. Other medications were 
per mined according to mecUcaj need. We evaluated the patients 
on each of the first three hospital days and at two weeks, eight 
weeks, and six months. We continued to obtain follow- up data 
for patients in whom the study drug had been withdrawn because 
of treatment failure or for other reasons. If a patient misaed a visit, 
wc coUected data by mail, telephone, or a review of medical records. 

End Points 

The primary end point, a first treatment failure, was denned as 
death from any cause or the need for intubation and mechanical 
ventilation, rcadroisnon because of COPD, or intensification of 
pharmacologic therapy. The patients' primary physicians made all 
the dinical decisions. We defined uuerssincarion of pharmacologic 
therapy as the prescription of open label systemic glucocorti- 
coids, high-dose inhaled gluccKOrticoids (more than eight purls 
per day of triamcinolone acetonidc or its equivalent), theophyl- 
line, or any combination of chese three therapies. When multiple 
failures occurred on the same day, the assignment to the category 
of firs* failure was hierarchical, in the following descending order: 
dfa rJy intubanon, rradnuumn, and mterisincaeion of therapy. When 
a primary end point (other than death) was reached, the study 
raiment was terminated, and usual medical care was resumed. 

Secondary end points were a change in FEV„ the length of tne 
hospital stay, and death from any cause during the six months of 
follow up. The paoents underwent spirometry at base line; on 
day, I 2, and 3; and at the two-week, eight week, and six-month 
visits. All centers performed spirometry (model 922. ScnswMedics, 
Yorba Linda, Calif) according to standard recommendations. 11 We 
calculated the initial hospital stay as the period from the day of 
admission to the day of discharge or transfer to an extended care 
facility. 



Complications 

We evaluated the patients for any possible adverse effects of 
treatment at each visit As described elsewhere." the diagnosis o. 
hyraersjrycemia, hypertension, secondary infection, upper gastro- 
intestinal bleeding, or acute psychiatric illness required a consul- 
tarion, an invasive procedure, or initiation of a specific therapy. 
We also questiooed the patient, about other possible adverse 
events. 

Statistical Analyst* 

The base-line characterises of the patient, in the three treat- 
ment groups were compared by means of analysis of variance for 
contm^uTvariaWes and the chi -square test for categorical vari- 
ables." All comparisons of results were based on the inteation-to- 
treat principle. Treatment comparisons were made with the use of 
a two step procedure: if the findings tor the two-week and the 
cight-weck groups were found to be equivalent, these two groups 
were combined into a single aenve-treannent group to™*™* 
with placebo. Comparisons were made at 30, 90, and 182 days after 
the start of treatment. Treatment failure, the primary end point, 
was analyzed with use of the upper limit of a one-sided 9* percent 
confidence interval to determine mcrapcuoc equivalence^ and a 
two-sidrd log-rank test to compare differences between curve; for 
™c^ulatrve failure rate « Values for FEV, in the glucocorticoid 
and placebo groups were cornpared by analyse ; of variance, and rios- 
r^st^s wire compared with use of the WUcoxon two-sampk 
i rank tcstJ' A complication rate was defined as the propornor. ot 
1 patients who had one or more episodes of a complication during 
, me six months of follow-up. Logistic -regression analysis was used 




EFFECT OF SYSTEMIC GLUCOCORTICOIDS ON EXACERBATIONS OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 



Tawje 1. Base- Like Characteristics o.- the 271 Patients 

ACCOUilNG TO TlSATMEKT ASSIGNMENT. * 



Cnaiucnwrnc 

A 5c — VT 

Mile sa — no. 

Whitt race — no. 

Cough — no. (%) 

Sputum pre*ducrjon — no. (%) 

Wheezing — no. (X) 

So. oC chest colds per year — no. \%) 

None 

I or 2 

»3 

Smoked in past 3 mo — no. (<) 
Total rigarerir smoking — pack-yr 
Regular medications — no. {%) 

Inhaled ben- adrenergic agunm 

Inhaled anoxridincrgic drug 

Oral bcU- adrenergic agonist 

Theophylline 

Inhaled glucocorticoids 
Use of oxygen at home — no. (%) 
Hospitalization Cor CO?D in orooous 2 vr 
- no. {%) 

Prior cue of jvwemk glucocorticoids — no. (*) 
Other illnesses — no. (*) 

Diabetes mcllinu 

History of ulcer 

Hypertension 

Disabling heart disease ' 

Disabling ardiriiis 

History of psychiatric disorder requiring 
hojpttaiizarioo 
FEV, — mlj 

Time from presentation to randomization — ru 



Guicxcoirrtcoss Gujcocoirnaxoa 



PLAC90 

(N-111) 


rax 2 w» 
IN -801 


ron 8 w* 

(N=8CI 


67.8210.0 
111 
99 

65 (39) 
74 (67) 
98 (88) 


67.1210.6 
80 
59 

41 (51) 
54 (68) 
70 (88) 


68.126.8 
77 
68 

♦3 (S4) 
52 (65) 
72 (90) 


17(15) 
64(58) 
30 (27) 
56 (50) 
77 0235.5 


17(21) 
51 (64) 
12(13) 
42 (52) 
67.3231 


14(18) 
50 (62) 
16(20) 
40 (50) 
80.9243.8f 


96 (86) 
81 (73) 
12(11) 
37(33) 
49(44) 
20(18) 
73 (66) 


66 (83) 
47 (S9) 

4(5) 
26 (32) 
39 (49) 
12(15) 
51(64) 


72 (90) 
58 (72) 

7(9) 
30 (38) 
40 (50) 
15(19) 
60(75) 


52 (47) 


30 ( 38) 


46 (58)t 


5(5) 
23 (21) 
44(40] 
13(12) 
12(11) 
13(12) 


12(15) 
19 (24) 
39 (49) 

8(10) 
10(12) 

9(11) 


11 (I4)t 
16 (20) 
39 (49) 

8(10) 
15(19) 

9(11) 


7502271 
3.722.6 


7722286 
3822.6 


7852288 

3.722.2 



•phu-minus varus arc means 2SD. 

tP*0.0S for differences among groups by analysis of variance for continuous wablo and by the 
chi-squarc teat for categorical variables. 

J Data were available for 101 pariems in the placebo group, 73 in the oro-week glucocorticoid 
group, and 72 in the eight -wee* glucocorticoid group. 



:o identify variables that predicted treatment failure within six 
month*. 1 * All reported P values are rwo-rzikd. 

RESULTS 

Enrollment began in November 1994 and con- 
cluded in October 1996, one year ahead of schedule. 
On the basis of interim analyses, the Veterans Affairs 
Cooperative Studies Evaluation Committee recom- 
mended termination of enrollment at that time. 

Study Population 

A total of 1840 potential patients at 25 Veterans 
Afrairs medical centers were screened for the study, 
of whom 271 were found to be eligible and were en- 
rolled. The enrollment rate was lower than had been 
projected, 10 largely because of a substantial decline in 
admissions for COPD throughout the Veterans Af- 
fairs medical system and an unexpectedly high rate of 
exclusion because of recent use of systemic glucocor- 
ucoids. Among the patients who were screened, 49.9 



percent had taken systemic glucocorticoids in the prc- 
I vious 30 days. Other common reasons for exclusion 
: included unwillingness or inability to participate ( 23. 2 
percent), a history of less than 30 pack-years of smok- 
I ing (14.6 percent), and coexisting medical conditions 
I expected to limit survival (18.4 percent). 
! Eighty patients were assigned to receive glucocor- 
' ticoid therapy for eight weeks, 80 were assigned to 
I receive glucocorticoid therapy for two weeks, and 
111 were assigned to receive placebo. The three treat - 
| ment groups were similar with respect to base-line 
; characteristics (Table 1). There were small differenc- 
es in total pack-years of cigarette smoking, prior use 
I of systemic glucocorticoids, and the prevalence of 
| diabetes mellitus. 

! Discontinuation of Study Drugs and Compliant* 

| Study drugs were discontinued for reasons other 
than a primary end point in 10 patients assigned 
I ro placebo (9 percent), 10 assigned to two weeks of 
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No. at Risk 

Glucocorticoids. 8 wk 80 61 50 21 

Glucocorticoids, 2 wk 80 59 45 20 

Placebo m 74 58 39 

Figure 1. Kaplan-Meier Estimates of the Rate of First Treatment Failure at Six Months. According to 

Treatment Grouo. 



glucocorticoids (12 percent), and 5 assigned to eight 
weeks of glucocorticoids (6 percent). Follow-up | 
data were complete for 19 of these 25 patients. All • 
available data were included in the analyses. On the | 
basis of counts of returned study capsules, the com- 
pliance rate was 89 percent in the placebo group, I 
85 percent in the two-week glucocorticoid group, 
and 87 percent in the eight -week glucocorticoid 
group. 

Primary Outcomes 

Figure 1 shows Kaplan -Meier estimates of rates I 
of first treatment failure for the three study groups, 
and Table 2 shows the reasons for treatment failure j 
at 30, 90, and 182 days. At least one treatment fail- 
ure occurred in approximately half the patients. In- | 
tensification of therapy was the most common rea- 
son for treatment failure, accounting for 70 percent | 
of the total failures at 30 days, 62 percent at 90 
days, and 58 percent at 182 days. When therapy was | 
intensified, physicians administered open-label sys- j 
temic glucocorticoids in more than 75 percent of I 
cases. | 

The trial did nor demonstrate equivalence of out- 
comes at any time. When the upper limits of one- j 
sided confidence intervals are used to compare fail- . 
ure rates between groups, the results show that the j 
withholding of glucocorticoids may have increased ( 
treatment-failure rates by as much as 20 percent at 1 
30 days, 21 percent at 90 days, and 1 2 percent at 1 82 j 
days. All values exceeded the limit of 7.5 percent set 
by the protocol. 



As compared with placebo, glucocorticoids signif- 
icantly reduced the rate of first treatment failure at 
30 days (23 percent vs. 33 percent, P=0.04) and 90 
davs (37 percent vs. 48 percent, P = 0.04) (Table 2). 
Treatment-failure rates did not differ significantly at 
six months (51 percent in the combined glucocorti- 
coid groups vs. 54 percent in the placebo group, 
P=0.58). The duration of glucocorticoid therapy 
(two weeks or eight weeks) had no significant effect 
on the rate of treatment failure at any time. 

Length of Hospitalization 

The average length of the initial hospitalization was 
significantly longer in the placebo group than in the 
combined glucocorticoid groups (9.7 vs. 8.5 days, 
P=G03). After the initial hospitalization, patients in 
the placebo group spent an average of 2.0 days in 
the hospital because of COPD, as compared with 
L9 days for patients in the glucocorticoid groups 
(P=0.98). Glucocorticoid- treated patients, oh aver- 
age, spent more time in the hospital for reasons other 
than COPD than did patients receiving placebo (4.4 
vs. 1.2 days, P=0.07). 

Spirometric Findings 

FEVj improved significantly faster in the patients 
who received systemic glucocorticoids than in those 
who received placebo (Fig. 2). The maximal differ- 
ence, approximately 0.10 liter, was evident by the 
first day after enroliment. By the end of two weeks, 
FEV, did not differ significantly between the active- 
treatment and placebo groups. 
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Table 2. Cumulative Pwmajlt Outcomes according to 
Treatment Assignment. 



Gluco* 



Gtuco- 



number (pi rc»nt) 



30 days 
Dead) 
Intubation 

Rxadmissioo tor COPD 
laoeasficiaoo of dwapy 
Total 
90 days 
Death 
Intubation 

Rjcadmissoo Cor COPD 
Imcoiification of therapy 
Total 
182 days ' 
Deatht 
Incubaaoo 

Rradmiuxon for COPD 
Inun&ficacoo of therapy 
Total 



3(3) 
3(3) 
5(5) 
26 (23) 
37 (33) 

4(4) 
3(3) 
13(12) 
33 (30) 
S3 (48) 

4(4) 
3(3) 
17 (IS) 
36(33) 
60(54) 



0 

2(2) 
4<S> 
13(16) 
19 (2«) 

2(2) 
3(4) 
8(10) 
17(21) 
30 (38) 

2(2) 
3(4) 
12 (15) 
22 (28) 
39 (49) 



2(2) 
1(1) 
2(2) 
13 (16) 
18 (22) 



0.04 



2(2) 

6(8) 
20 (2S) 

29 (36) 0.04 



3(4) 
2(2) 
13 (16) 
24 (30) 
42 (52) 



0S8 



*P values arc tor comparisons of the placebo group with the combined 
glucocorticoid groups, by the log -rank test. 

fOrdy deaths that were counted as primary outcomes are listed. The tocsJ 
numbers of death* during ux months of follow-up were 11 in the placebo 
group and 13 in the glucocorticoid groups. 



Death from All Causes 

Over the six months of follow-up, 11 of the 111 
patients receiving placebo and 13 of the 160 receiv- 
ing glucocorticoids died (P=0.61). Seven deaths in 
the placebo group and six in the combined gluco- 
corticoid groups were anributed to COPD. 

Complications 

Table 3 shows the reported complications for each 
treatment group over the six months. A greater pro- 
portion of patients in the glucocorticoid groups 
than in the placebo group had hyperglycemia requir- 
ing treatment (15 percent vs. 4 percent, P=» 0.002). 
Twenty-two of the 24 episodes in the glucocorticoid 
groups occurred during the first 30 days of follow- 
up. Sixteen of the 24 glucocorticoid- treated patients 
with hyperglycemia were known to have diabetes. 
The patients who received glucocorticoids also had 
more advene events classified as "other" (P=0.04); 
these included 41 separate symptoms or conditions, 
most of which were not thought to be caused by glu- 
cocorticoids. Reported rates of secondary infection 
did not differ significantly among the three groups, 
but the eight-week glucocorticoid group had the 
highest proportion of patients with serious infections. 
Eleven of the patients in this group were rchospital- 
ized with a primary diagnosis of infection; 9 of the 
11 had pneumonia. Only four patients in the placebo 



1.2 



1.1- 



1.0- 



I > 



lu 0.9- 



0.8- 



0.7 



127 



Glucocorticoid 
137 




? 1 



T" 



Figure 2. Mean Forced Expiratory Volume in One Second (FEV t ) 
at Selected Times According to Treatment Group. 
The two-week and sight-wee* glucocorticoid orouos have been 
combined. The numbers at each time point are the number* of 
patients in each group for whom data were available. The as- 
terisks denote P<0.05 for the comparison with placebo. The 
bars indicate standard errors. 



TASLE 3. COMPLICATIONS OF TREATMENT 
DURING THE SlX-MONTH FOLLOW-U? PERIOD. 



1 


ftacuo 


roa 2 wk 
(N=t0> 

number (p#<t*nt) 


jcuuMncotc 

FO« • WK 

(NM0I 


s 

P 

Vaiui* 


j Hyperglycemia 
' Gastrointestinal 


4(4) 

5(5) 


14(18) 

0 


10(12) 
3(4) 


0.002 
0.21 


| bleeding 

| Secondary infection 

Hypertension 
1 Psychiatric disorder 
| Other adverse 

OWUsf 


19(17) 
4(4) 
3(3) 

16(14) 


12 (IS) 
6(8) 
5(6) 

18 122) 


18 (22) 
4(5) 
2(2) 

21 (26} 


0.73 
0 33 

.G.47 
J.04 



•P nine* are for comparisons of die placebo group with the com'oxed 
ghicoccrBcaid group*, by the cfai-squarc test. 

tThis category includes 41 different symptom* or < 



group and one in the two-week glucocorticoid group 
were rchospitaiized for infection. 

Subgroup Analyses 

As specified by the protocol, we performed sub- 
group analyses for the following variables: base-line 
FEV\, theophylline use before randomization, hospi- 



Volume 340 Number 25 



1945 



Bff CCT Of SYSTEMIC GLUCOCORTICOIDS ON EXACERBATIONS OP CHRONIC OBSTRUCTIVE PULMONARY DISEASE 



{.■tvcmprorK E Kiul (ccpnnapii invwopior). and R. Vinno. Brooklyn, 
N.x*.. S. Sethi (principal invrsngatof; and f. DLYUrzu, Bt &lo NX; R. 
KcUer. Hinca, III.; M. Reinoso (principal iir*catigatDr) and P. Gmdet, Hous- 
ton; G- Bhaskar (principal invcicgaror) and H. Hermesnuu. * Gty, 
Fb , G. Sar. Pedro (coprinapal uwcsngaror) and L. Frarier, Urde Rock] 
Art; J. Derpara, Long Beach, CaW.; KL Rice (principal kvestzguor: and R 
Lctoaht, Minneapolis; A.. Fuiambaxtcr (prircipal mcaoguor) and D Fct- 
8U<OP \ Kofth Ch * a « 0 ' iU -' p Knim P c (pnncipal uwertrgator) and ft. Wei- 
dernmta. Reao, Ne*.; /. Liu (principal mvtaogxtor! and T. Thompson. Sa 
lem, VY; M. Habib (principal urvesogator) and T. Vincent, Tucson. Ariz.; 
5. Sancago (principal instigator;, D. Boyd, and L Robinson, West Loi 
Angela, Calif.; J. Uaptoa (priaapaJ utvarigator/, Alexandria, La. F. AT 
Bazzax (prinripal investigator), Chicago (West Side); M. Neboo (prinripai 
investigator), Kansas City. Mo.; J. McCorauck (principal uwestxgaicc) and 
S. Snarary. Lexington, Kjr.; M. Tenholdcr (priaapaJ investigator), Mem- 
phis, Term.; W. Davis (pnncipai mvcjogamr) and 2. She, Augusta, Ga.; P. 
Canba (principal urvtsttgaror), Miami; B. Gray (pnr.cipai irrcstigator) and 
K. Laughhri, Oklahoma City; and C Arwood (principal uTveaugator), 
Pimbuigh. 

REFERENCES 

1. Connors AF Jr. Dawaon NV, Thomas C, et ai. Outcome* tbiowmg 
acute exacerbation of severe chronic obstructive rung rinmr Am J Respir 
Crit Care Med l996;154:9S9-67. (Erratum, Am ; Rcspir Crir Care Med 
lWaS5:3B6.J 

2. Row* BH, Reflet )L, Oxman AD. Effixtivencss of steroid therapy in scute 
e xa c e r bati o ns of aauW a meta-truiyak Am \ Emerg Med 1992:10:301 10. 

3. Albert RJC, Martin TR, Lewis SW. Controlled clinical trial of methyl- 
prednisolone in patients with chronic broodutis and acute respiratory in- 
suioceocy. Ana Intern Med 19«0;9 2:75 3-8 

4. Thompson WH. Nelson CP, Caxvaiho P. Charan NB« Crowley fl. Con- 
troUed trial of oral prednisone in ourpmcca with acute COPD exacerba- 
tion. Am F Respir Crit Care Med 1996:154:407-12. 

5. Emerman CL, Connors AF. Lukew TW. May ME, Effion D A ran- 
domized controlled trial of methytprcdnisotane in the emergency treat- 
mem of acute exacerbations of COPD. Goes: 1989;95:563-7. 

S. Callahan CM. Dittus RS, Katz BP. Oral c orticoatet oid therapy tor pa 
oema with stable chronic obstructive pulmonary disease: a meta-analysis. 
Ann Intern Med 1991414:216-23. 

7. Mc&oy CE, Niewoehner DE. Adverse c£ccts of ccrocowcrotd therapy 
for COPD: a eriaeaJ review. Cheat 1997;111:732-43 I 



8. tone* B. iarvts P, Lewis IA. Ebbutt AF. Trial to assess eqtnvalenor me 
| importance of ngorocs aaeihods. BMJ 1996,3 1 3.36-9 [Erratum, BMJ 
1996;3 13:550.) 

I 9. Ware JH, Amman EM. Equivalence trials. N Engl I Med 1997:337: 
1 159-61. 

| 10. Erbbnd ML> Dcuprcc RFC Nur^ocW DE. System* Cmdcosteroias 
I "» Chrome CHmmcuvc Pahnonary Disease Ejoccrbacora (SCCOPEV 
I raoboaie and design of an cquiraience aixl. Coruroi CUn trials 199819 
404 -17 

I tl Epidemiology S tinr'arrtiTirinr Project. Q. Recommended rcspiraiory 
! disease questionnaires for use with adults and children in cpidexruokwicii 
j research. Am Rev Respir Oil 1978;118:Sttppt:7-53. 

12. Standardization of aptromeny — 1987 update: sratemeot of the Amcr- 
I ican Thoracic Society. Am Rev Reaps Dis 1987;136:1285-98. 
I 1 J. Seeder or GW, Cochran WG. Statistical methods S:b ed. Ames: fowi 
> State Unrvermy Press, 1989. 

14. Durrieman S, Simon R. Planning and raorumring of equivalence trud 
I iea. Biometrics 1990:46:329-36. 

' 15. Cox DR, Otkes D Analysis of mrviviJ data. London: Chapman 6c HalL 
| 1984. 

18, Conn HO, Poynard T, Corocoateroids and oepcic ulcer dbeaae: meta- 
analysis of adverse events during steroid therapy! J Intern Med 1994.236: 
619-32. 



17. Smyihe HC, Connolly CK. Inckksace of serious cotnphcaaom of cor 
ocosnrjoid therapy in respiratory discaac : a mrospcxrive survey of patten rs 
in the Broespton Hospual Thorax 1968;23:571-81. 

18. Stuck AE, Minder CE, Frey Fl- Risk of infectious compucandm in pa- 
^oa taking g^ucococti«cteroidv Rev Infect Du 1 989-. 11:954- 63. 

19. Uan RFFM. van Riri PLCM, van de Purte LBA, van Erning LJTO 
y* 0 ** Hof MA, Lcmroen* JAM. Low-dose predmaooc induces rapid revers- 
ible axial bone loss in paoeno with rhrarnatcad arthritis: a randorniacd, 
conrroikd study. Ann Intern Med 1993;119:963-8. 

20. McEvoy CE, Ensrud KE, Bender E, et aJ. Associatjbn between coru- 
coateroid use and vertebral rxactnrcs in older men with chrome o usuul u w 
pulmonary disease. Am / Respir Crit Care Med 1998; IS 7:704- 9 

21. LedcrkFA, Ptuhat RE, Joseph AM, Niewoehner DE. Tapering of 
cortkrjsretoid therapy following exacerbation of asthma: i 



dcmUe-bhnd. placebo -controlled trial. Arch Intern Med 1987^47:2201- 

22. OTJrucon BR, KaJra S, Wuaon M, Pickering CAC, Carreu KB, 
Woodcock AA. Doubk-buod trial of steroid tapering in act 
1 1993;341:324-7. 



Volume 340 Number 25 • 1947 



COMMENTARY 




COMMENTARY 



Inhaled steroids in COPD 

Sae page 773 

Chronic obstructive pulmonary disease (COPD) is a 
huge health problem in terms of mortality and morbidity. 
In the UK, in the 3 -year period 1990-92 the numbers of 
deaths attributable ro COPD were 51 500 for men over 
65 and 30000 for women over 65. 1 These numbers far 
exceed the 1500 to 2000 deaths per year from asthma in 
the UK. In terms of hospital admissions for adults, 
COPD is a much greater burden on the health service 
than is asthma. 

~ Over the past 10 years there has been a substantial 
change in the management of asthma, with the 
introduction' '■ of management guidelines and their 
.emphasis on the use of inhaled corticosteroids in all 
patients except those with mild asthma. 5 These 

.. recornmendauons are firmly backed by data from many 
clinical trials. 

Inhaled steroids improve pulmonary function and 
symptoms in asthma, enhance quality of life, prevent 
allergen-induced bronchoconstriction in atopic patients 
and, when used chronically, increase exercise capacity. 
An emphasis in recent trials has been on the ability of 
inhaled corticosteroids ro prevent exacerbations or 
worsening of asthma, 3 and it is this effect chat accounts 
for the .ability of these agents to prevent hospital 
admissions and for the increasing circumstantial evidence 
that inhaled corticosteroids decrease the asthma death 
rate. 4 * 8 

This dinical-crial evidence is supported by research 
into the effects of inhaled cordcosteroids on the 
pathology of asthma. Airways inflammation in asthma is 
characterised by an increase in CD4-lymphocyte count, 
an increase in eosinophil count, a small increase in mast- 
cell count, thickening of the basement membrane, and 
disruption of the airway epithelium. Inhaled steroids 
cause a decrease in the number and state of activation of 
■ CD4 cells, eosinophils, and mast cells and restitution of 
thenormal airway epithelium.* There is less evidence that 
they reverse subepithelial fibrosis. 

The evidence chat inhaled corticosteroids are of benefit 
. in COPD, either clinically or pathophysiological!^ is 
scanty, yet - these agents are . widely .used in the 
management, of this disorder. This discrepancy is partly 
due, to. the inevitable diagnostic confusion between 
• asthma in the elderly and COPD. Another reason is that, 
faced with a patient for whom few other treatments are of 
clear^uc beneil:, physicians will try a treatmer.r they 
judge to be safei even if the likelihood of benefit is low. "A 
third reason is that during acute exacerbations of COPD 



systemic steroids may speed recovery, an effect that is 
taken as evidence that steroids will be of help in that 
individual in the long term. 

In recently published guidelines 1 on the management of 
COPD, inhaled corticosteroids are recommended only for 
those patients who show a clear objective response to a 
formal trial of either oral or high-dose inhaled steroids. 
For an unselected group of patients with COPD, a 
positive trial of steroids is defined as a 15% increase in 
baseline F£V 4 , with an absolute increase of greater than 
200 mL A change of this magnitude is seen in 10-15% 
of patients wi&COPXXr '." 

COPD is a clinical descriptive terin for patients, mostly 
elderly, who have airflow obstruction mar is not relieved 
completely with therapy. It is caused by at lent three 
distinct pathological processes, which may occur 
separately . or, in many patients, concurrendy. These 
processes are destruction of alveolar walls causing 
emphysema, chronic bronchitis with hypersecretion of 
mucus, and chronic asthma.* There arc few studies on the 
airway pathology of COPD, but the pathological features 
are distinct from those of asthma. In COPD there is a 
predominance of CDS cells, an increase in number of 
neutrophils, no thickening of the basemen; membrane, 
and no evidence of disruption of the airway epithelium, 
but there is an increase in squamous metaplasia. 

It is commonly thought that the 15% of patients who 
respond to steroids represent a group with a substantial 
chronic asthmatic component. This view is supported by 
a study 9 that showed that in patients with a clinical 
diagnosis of COPD, those with biopsy features of asthma 
(high number - of eosinophils and thickening of the 
basement membrane) were the ones who improved with 
high-dose prednisolone over 2 weeks. The limited number 
of studies ". of .the effect of - steroids on airways 
inflammation in COPD has shown litde evidence of an 
acute anti-inflar^aiory 'effect, 18 'although /&crc jinay.be . 
some e&cc''on''a'trmy'imDnn lealwge.;A Taken together 
the evidence" supports me recornmeno^aiion in the COPD 
guidelines that patients who show a -definite response "to 
steroids (presumed 'to be" those with a' component of 
asthma to their disease) .should be treated with inhaled 
coricosteroid$..The^ question is hbw ; tq;<ical 

with the remaining 80-90% of patients who do not show 
a clear-cut /response !'to steroids/This .group, .6^ -.patients 
will riot have much 

with corticosteroids'/ so other outcome me'asures must be 

USed. - - •- ,-;.:?»* v::V- V:'- ".— • ' f 

Survival in COPD correlates mveriely vvith FEV,; and 
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any treatment cha: slows the accelerated decline in FEV i 
in COPD will be likely to reduce mortality. One question 
that is the subject of at least two large-scale studies is 
whether inhaled corticosteroids slow the decline of FEV. 
in patients with COPD. The EUROSCOP study is 
investigating this issue in mild COPD.' 1 Initial resuJts 
suggest that any effect is small and transitory. The 
ISOLDE study is investigating the question in a group of 
patients with more severe COPD." In shorter-term trials 
it would be sensible to look at outcome measures such as 
prevention of exacerbadons o: COPD (which arc a 
common and important clinical problem), exercise 
capacity, and quality of life. 

The study reported in today's Lancet is a comparison 
of the effects of high-dose inhaled steroids (fluticasone 
500 m-S twice daily) with placebo over a 6-monih 
treatment period. The primacy outcome variable was the 
exacerbation rate, with secondary outcome variables 
being symptoms, pulmonary function, 6 min walking 
distance, and breathlessness. The overall rate of COPD 
exacerbations was lower than had been predicted from 
pilot studies, and no significant difference was seen 
between the groups. However, there seemed to be a shift 
in severity of exacerbations, with fewer patients in the 
active-treatment group having severe exacerbations. This 
possible effect of inhaled steroids in COPD needs to be 
investigated. There was also a small but clinically 'and 
statistically significant improvement in peak expiratory 
flow rate of 15 L/min in the inhaled- steroid group, and 
this finding was supported by small improvements in 
spirometry/ symptoms, and walking distance. The 
individuals recruited had moderately impaired pulmonary 
function, with less than 8% reversibility in FEV ( after 
bronchodilator and no evidence of blood eosinophil, 
which might indicate asthma. The only predictor of 
response that the investigators found was a duration of 
COPD of greater than 10 years. This earlier onset of 
symptoms among rcspondcrs could be interpreted as 
being due to the contribution of a component of asthma 
to their airflow obstruction. 

The study did not investigate lower doses of inhaled 
steroids, which may also be effective. There is no 
indication from the data of a loss of activity over 6 
months, but further studies looking a: the duration of any 
effect are needed. 

What lessons for clinical pracr.ee and research can be 
drawn from this study? There should be no change in the 
recommendation in the COPD guidelines that patients 
who show striking response to oral or inhaled 
corticosteroid should be treated with inhaled steroids. 
The study shows chat a small absolute improvement in 
pulmonary function is associated with clinical benefit in 
terms of symptoms, exercise capacity, and possible 
severity of exacerbations. If that is so, a reasonable 
approach would be to lower the threshold for concluding 
that a '.patient's illness has undergone a clinically 
important . improvement with inhaled steroids. If after 
several months of treatment with high-dose inhaled 
steroids, peak flow improves by 15 L/min or more and the 
severity and the number of exacerbations fall, the patient 
should continue on inhaled steroids. If these variables . do 
not improve,- there is no compelling reason to continue 
with inhaled steroids. Since it is difficult to demonstrate 
clinical predictors of response, an area that may justify 
further investigation is ■ whether pathological . 
appearances— especially eosinophils • or thickened 
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basemen: membrane — should be used to predict a 
response. 

Tne broader implication of this study is tha: the 
current treatment of COPD remains extremely 
unsatisfactory. Obviously, avoidance or cessation o: 
smoking is the key to improving the outlook for patients 
wim COPD. However, even if patients succeed in giving 
up smoking, there will still be many symptomatic patients 
tor the forseeable future. It is vital that understanding of 
the basic mechanisms in COPD improves. Present 
evtder.ee suggests that uu'ammation present in COPD is 
poorly responsive to steroids o: that, unlike asthma, this 
airways im'ammation is not the primary problem in the 
disease. New treatments for COPD are urgently 
required." 

N C Barnes 

Deoar trrer.t o.' Respiratory Metfcne, London Chest Hosoitai. 
London £2 3JX. LK 
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MEETING REPORT 



Highlights of a symposium on chronic obstructive pulmonary 
disease held at the National Heart and Lung Institute, 
London, July 7-8, 1998. 



COPD: New Developments 
and Therapeutic Opportunities 



by Peter Norman 



A fascinating meeting on chron- 
ic obstructive pulmonary dis- 
ease (COPD) was arranged by 
Profs. Peter Barnes and Neil Pride, of 
the National Heart and Lung Institute, 
London. L.K. (NHLI), 10 highlight the 
growing significance of COPD. to 
emphasize the paucity of our knowl- 
edge of the disease mechanisms and to 
address the problems of treating the 
disease. To this end. the deficiencies of 
current therapies and potential novel 
approaches were discussed. 

The disease 

Peter Barnes gave the introductory 
lecture. COPD is a disease character- 
ized by irreversible airways obstruc- 
tion and encompasses both chronic 
bronchitis and emphysema. It has a 
major economic impact, being respon- 
sible for 10- »5% of sickness benefit in 
the developed world. It is responsible 
lor 25% of deaths in the Uniied States, 
and the WHO is currently predicting 
that it will be the ihird major cause of 
death in the world within 20 years. 



Summary 

The deficiencies of current therapies and the potential benefits of novel approach- 
es to chronic obstructive pulmonary disease (COPO) were reviewed at a sympo- 
sium organized at the National Heart and Lung institute. London. U.K., July 7-6. 
1999. Several speakers discussed different (acets of the disease. The keynote 
lecture dealt with two major, but distinct themes: the utility of computerized tomo- 
graphic scanning as both a quantitative and a qualitative tool and the recent 
observation that retinoic actd could produce new alveolar growth, emanating from 
ducts, in hamsters when it was administered after instillation of elastase. 
Regarding current therapeutic approaches, bronchodilators are the mainstay ot 
existing therapy, while the use of mucolytics varies markedly between countries. 
The role of steroids in the treatment of COPD is confused. There is surprisingly tit- 
tle evidence of any clinical benefit from the use of antibiotics. Potential future ther- 
apies include M 3 -selective muscarinic antagonists, checnoiactic mediators, pro- 
tease inhibitors and antiinflammatory agents. © 1998 Prous Science, aii nqna reserved. 



Prof. Barnes was the first of sever- 
al speakers to show a slide based on 
the work of Fletcher and Peto illus- 
trating the progressive decline of 
forced expiratory volume (FEV,), a 
measure of lung function, with age. by 
25 ml annually in normal subjects. 
This is substantially accentuated by 
smoking, albeit in only a proportion of 
smokers, and this progressive decline 
in lung function eventually results in 
death. Smoking cessation results in a 
slowing, but not a reversal, of this 
deterioration. 



John Britton (Nottingham 
University, U.K.) considered the dis- 
ease's epidemiology. Currently it is 
substantially more prevalent in men 
than women, but this is attributed to 
the historically lower prevalence of 
smoking in women. Changes in smok- 
ing patterns suggest such differences 
will soon disappear. Smoking is the 
primary risk factor tS3%), although 
both passive smoking and heavy expo- 
sure to dust, for example, in coal min- 
ers, are additional risk factors. These 
risk factors result in COPD being a 
disease of late middle and old age. 
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occurring only rarely in the under-45 
population. 

There are pronounced geographi- 
cal differences in the incidence of 
COPD. It is most common in Northern 
and Eastern Europe wuh progressive- 
ly lower frequencies in the United 
States. Mediterranean Europe and 
Japan. While such differences may 
be partially explicable due to dif- 
ferences in diagnosis, there are pre- 
sumed to be genetic factors also 
involved. Currently the only known 
contributory factor is a, -anti protease 
deficiency. 

Different facets of the disease were 
reviewed by Peter Jeffrey, Terry 
Tctiey. Duncan Rogers (all NHLI) and 
Rob Stockley (Queen Elizabeth 
Hospital. Birmingham. U.K.). while 
Trevor Hansel t>'HLI) highlighted the 
problems of designing appropriate 
clinical trials. These ideally require the 
identification of relevant surrogate 
markers and better-defined endpoints 
than small changes in the rate of 
decline of FEV, for the long (two- to 
three-year) phase lit studies. 

Although it can be difficult to dis- 
tinguish between asthma and COPD 
on the basis of lung function measure- 
ments, there are major differences in 
the lung pathology. Bronchitis is char- 
acterized by damaged cilia, goblet cell 
hyperplasia and mucus hypersecretion 
with stenosed small airways but com- 
paratively little epithelial damage. In 
emphysema, there is substantial 
inflammation of the peripheral air- 
ways accompanied by significant aci- 
nar damage. In both conditions there is 
extensive infiltration by CD8+ lym- 
phocytes, with a ninefold elevation of 
lung macrophages and a 100-fold 
increase in neutrophil levels, predom- 
inantly within the epithelium. 

Associated with this elevation of 
neutrophils are significant increases in 
interleukin-S (IL-8) levels and an 
increase in proteolytic enzymes, prin- 
cipally neutrophil elastase but also 
matrix meialloproieases (MM Pi). A 
key. unanswered, question is which 
factors are pred ic live of a predisposi- 



uon to COPD Thus, studies examin- 
ing cell markers in smokers should 
only see pronounced changes in a frac- 
tion (10-20%) of the patients exam- 
ined. IL-8 chemoiactic activity in spu- 
tum from smokers falls into this 
category, whereas levels of a number 
of proteolytic enzymes (cathepsin L. 
collagenase and gelatinase B) are gen- 
erally elevated in ail smokers. There 
are also some data suggesting that the 
cytokines IL-I and tumor necrosis fac- 
tor-a are involved in the disease 
pathogenesis. 

Excessive mucus secretion is a 
symptom of (he disease, but does not 
appear to be a causal factor. The pres- 
ence of excessive mucus allows bacte- 
rial colonization, facilitating exacerba- 
tions, in addition to obstructing the 
airways. Once the disease is estab- 
lished, both mucus hypersecretion and 
mucous cell hyperplasia are observed. 
While mucolytic agents have the 
potential to improve mucus clearance, 
truly effective agents are not available. 
Two mucin genes. MUC5A and 
MUC5B, appear to be of major signif- 
icance in the airways, but their regula- 
tion is not yet understood. 

The keynote lecture was presented 
by James Hogg (Vancouver. Canada) 
and dealt with two major, but distinct 
themes. He first addressed the utility 
of computerized tomographic scan- 
ning both as a quantitative tool to eval- 
uate the progression of the disease 
and. more qualitatively, to facilitate 
identification of nonfunctioning areas 
of the lung that might be removed in 
lung volume resection surgery. 

Until recently there has been no 
evtdence thai therapeutic intervention 
might be able to reverse, rather than 
halt, the destruction of lung tissue. The 
second part of Dr. Hogg's talk 
addressed ihe recent observation by 
Donald and Gloria Massaro (hat 
retinoic acid could produce new alve- 
olar growth, emanating from ducts, in 
hamsters when it was administered 
after instillation of elastase. Precise 
measurements are required to observe 
functional changes in this model. 



Dr. Hogg suggested that the 
changes in the ratio of lung surface to 
volume mirror those observed early in 
clinical emphysema. Identifying the 
critical transcriptional mechanisms 
involved will undoubtedly become a 
major research effort, given the signif- 
icance of the observations by the 
Massaros. However, he did suggest 
that it would be desirable to repeat 
such observations in an animal where 
alveolar growth stops at birth, such as 
the guinea pig, which would better 
model the human condition, where 
growth stops at four years of age. 

Current therapy 

An overview of current therapeutic 
approaches to (he treatmeni of COPD 
was provided by Philip Ind (NHLI). 
while Peter Calverley (University 
Hospital. Liverpool. U.K.) considered 
alternatives to pharmacological inter- 
vention. Neil Pride (NHLI) reviewed 
the evidence from recent long-term 
clinical studies with inhaled steroids 
and Robert Wilson (NHLI) addressed 
rhe role of antibiotics in the treatment 
of exacerbations. 

Bronchodilators provide the main- . 
stay of existing therapy, and both j 
inhaled muscarinic antagonists (gener- j 
ally ipratropium bromide) and 0>- j 
agonists are routinely employed. The ; 
effects of members of these two class- ■ 
es are additive, and they are now often 
administered as a combination prepa- ! 
ration. A more receni alternative is the j 
use of q.i.d. ipratropium plus a long- 
acting p r agonist. While theophylline 
has beneficial effects, us use in elder- 
ly patients is often constrained by side 
effects. 

The use of mucolytics varies 
markedly between countries. Because 
of their questionable efficacy, the 
availability oi these drugs is often 
restricted by regulatory authorities. 
However, there is some evidence sub- 
stantiating the efficacy of ^-acetyl- 
cysteine. 

The role of steroids in the treat- 
meni of COPD is confused. It has been 
commonly held that they are ineffec- 
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nve. but 1 1 icy are commonly pre- 
>cnued h> general practitioner*. 
Inhaled formulations are designed tor 
inc treaimcm of usihma. so they do not 
deliver significant doves ot steroids co 
peripheral lime. Fsw studies have 
addressed the lole ot" systemic steroids 
in treating acute exacerbations, but 
administration or oral prednisolone 
foriwo weeks appears to nnpiove lung 
i uncr ton. 

Ongoing studies Mich as ELRO- 
SCOP and ISOLDE have examined 
the efficacy or three years' treatment 
with inhaled budesonide. The avail- 
able results suggest that the benefit ib 
relatively small, but significant 
improvements in-FEV, were noted in 
the first three months of treatment. 
Fluticasone treatment has also been 
shown to result in (small) improve- 
ments in FEV, over a six-month peri- 
od. 

While antibiotics are commonly 
administered to patients suffering 
from COPD exacerbations, there is 
surprisingly little evidence of" any clin- 
ical benefit from their use. Unless 
there is bacterial colonization of the 
lung, by organisms such us 
Haemophilus influenzae, even placebo 
treatment is effective in over 50% of 
cases. However, diagnosis of infection 
requires correct diagnosis from the 
presence of purulent sputum or. prefer- 
ably, by culluriug bronchial brushing*. 

There has been a dramatic increase 
in antibiotic resistance of the common 
infectious organisms. es|)cciaily in the 
United States. There nearly all infec- 
tions with Moraxtlla cntarrahtis are 
resistant, with 50% of H. influenzae 
resistant and also with high P-lacla- 
mase activity, and 24% of Streptococ- 
cus pneumonia infections are also 
resistant. Significant resistance to 
quinolones has not yet been observed, 
but it was stressed that mdiscriminant 
use of the new quinolones could lead 
to substantial problems in creating 
such cases. New guidelines, currently 
being agreed, will recommend the use 
of ciprofloxacin, azithromycin or 
amoxicillin «- davulanic acid for the 



:i eminent of chrome purulent infec- 
tions. 

The more severe COPD patients 
are common!) underweight, and it was 
suggested that this worsens the disease 
prognosis. Oxygen treatment is bene- 
ficial m improving life expectancy in 
<overe patients, but only when they are 
«igmticanily hypoxemic (PaO : < 7.3 
kPa). A recently developed radical 
alternative for emphysema patients is 
lung volume reduction surgery. If per- 
formed carefully, this appears to be at 
least as effective asasinelelune trans- 
plant. While a double lung transplant 
affords improved lung function, it 
does not improve the disease mortali- 
ty, m contrast to what occurs in 
patients with cystic fibrosis. 

Potential therapies 

Muscarinic antagonists 

The identification of distinct mus- 
carinic receptor subtypes and die com- 
prehension of their physiological role 
has led to the realization that it is less 
desirable to block the M» receptor in 
treating COPD. Peter Barnes indicated 
that these act as autoreceptors. and 
hence blockade of these would tend to 
counteract the benefits gained by 
blocking M\ receptors. 

Both Pfizer and Boehringer 
Ingelheim have developed new selec- 
tive muscarinic antagonists, but with 
very different properties. Pfizer has 
identified both a selective M, antago- 
nist, darifenacin t Fig. I), and an 
M|/Mi-seleetive antagonist, reva- 
tropate (Fig. 1). Both were stated to 
be short-acting drugs, like ipratropium 
bromide, and clinical results with 
rcvatropate have proved disappoint- 
ing. 

Tiotropium bromide (Boehringer 
Ingelheim; Fig. I) has no intrinsic 
muscarinic receptor selectivity, dis- 
playing subnanomolar K D values at ail 
three receptor subtypes, but has the 
unusual property of kinetic selectivity 
with a dissociation half-life of 34.7 
hours from Mi receptors compared to 
.vb hours from VI, receptors. This drue 



behaves ;is a long-acting and selective 
jiuagonist both in rim* and in animal 
studies. In humans, it is well tolerated 
when administered as a dry powder 
and produces a dose -related bion- 
Jiodilatation which lasts for over 24 
hours. A four- week phase 111 study in 
COPD patients has confirmed the effi- 
cacy, and tolerability. ot* once-daily 
dosing, with drug effects persisting for 
a week after cessation of treatment. 
This drug is rapidly metabolized when 
swallowed, so side effects are mini- 
mal. Peter Barnes stated thai oral 
administration of selective M . antago- 
nists produces all the undesirable side 
effects such as dry mouth. He also 
indicated thai the old muscarinic 
antagonist glycopyrvonium bromide 
(A.H. Robins; Fig. I) behaves in j 
similar manner to tiotropium and is 
now being developed for the treatment 
of COPD. 

Chemotactic mediators 

Sputum from COPD patients is 
highly chemotactic for neutrophils. 
This is principally due to the presence 
of high concentrations of the 
chemokine 1L-S and the eicosanoid 
lenkotriene B 4 (LTB 4 ). with each 
accounting for about 40% of the 
chemotactic activity in sputum. LTB, 
levels are substantially elevated in 
asymptomatic smokers, and the 
decline of lung function has been 
shown to correlate to the neutrophil 
concentration in sputum. 

The effects of LTB, could be 
reduced either via inhibiting its syn- 
thesis with lipoxygenase inhibitors or 
with specific BLT receptor antago- 
nists. Although many lipoxygenase 
inhibitors have been developed for the 
treatment of asthma, with Abbott's 
ztleuton approved for that indication, 
there are no repons of their clinical 
evaluation in COPD. A number of 
BLT antagonists are currently in clini- 
cal development for the treatment of 
psoriasis (VYIL-295. Lilly. Vanguard 
Medica: ONO-4057. Ono) or arthritis 
<CCS-25019C: Novanis). with no 
efficacy seen in studies in asthmatics 
with, for example. LV-293I1I (Lilly). 
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Fig. 1. Structures of compounds discussed at me symposium. 

Boehrinser Ingelhetm has dcvel- ies with the intention of developing acting compound. BIIL-284 ts a for- 

oped a novel antagonist, the phenyl- this drug tor the treatment or COPD. mate ester prodrug, which is cleaved 

guanidinc derivative BUL-284 f Fig. Franz Birke dngeihcimi described the m vivo to the more active free guani* 

I ), and has just initiated phase J stud* pharmacological profile of (his long- dine BIIL-260 (Fig. I > 
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TABLE I: ACTIVITY OF SELECTED 8LT AECEPTOR ANTAGONISTS 



0"UG 

Blll-260 
CGS-25019C 

(VML-295) 



.* (nM) 
| 3 H|'LTB 4 
BINOING TO 
HUMAN 
•NEUTROPHILS 

:50 
1.3 
0.9 
24 



ED» 
(mfl/Vg po) 
LTB 4 -tN0UCED 
MOUSE EAR 
INFLAMMATION 

0.008 

5.5 
>20 



(mg/Vg po) 
IT3,-INDUC£D 
tVEUTnOrENIA 
IN MONKEYS 

0.0C4 

2.5 

3.1 



•in 
(hours) 
LTB 4 .IN0UCc0 
iVEuTnOFE.ViA 
iN MONKEYS 



1.0 

3.0 



Dr. Birke presented data compar- 
ing these compounds with two other 
antagonists (Table I). In studies in pri- 
mates, administration of BI1L-284 
resulted in a greater than 95% inhibi- 
tion of Mac- 1 expression on circulat- 
ing neutrophils, and a l-mg/kg oral 
dose resuhed in a greater than 00% 
inhibition of LTB.»-induced neutrope- 
nia 24 hours after dosing. Toxicologic 
cal studies have failed to show any 
adverse effects of this drug, v 

IL-8 is a CXC chemokine acting 
on both CXCR1 and CXCR2 recep- 
tors. These G- protein-coupled recep- 
tors, sometimes referred to as IL-8 
receptors, are also activated by other 
chemokines (CXCR1 by GCP-2 and 
CXCR2 by Gro, NAP-2 and ENA-78), 
and are heavily expressed on neu- 
trophils but only lightly expressed on 
eosinophils. 

Amanda Proudfoot (Serono. 
Geneva) reviewed this area and indi- 
cated that interferon gamma selective- 
ly up-regulates CCR receptors, but not 
CXCR receptors, on human neu- 
trophils. She and her coiieagues have 
found that chemokines are selectively 
recognized by glycosaminoglycans. 
These selectively recognize IL-8 in the 
following order: heparin > heparan 
sulfate > chondroitin sulfate: such 
interactions were suggested to provide 
a mechanism for localized in vivo con- 
trol of chemokine effects. 

Both CXC and CC chemokine 
Antagonists are known thai have been 
produced by modification of the N-ter- 
minus. The CCR antagonist Met- 
RANTES has been used to demon- 
strate an involvement or CC 
ciiemokincs in models of asthma and 



arthritis. No data on IL-8 antagonists, 
cither peptide analogues or small-mol- 
ecule nonpeptides. were presented. 

There is also a significant body of 
evidence that implicates the peptide 
endothelin- 1 as piaying a pathological 
role in COPD and especially in pul- 
monary hypertension. Tony Rebuck 
(SmithKline Beecham, U.S.A.) 
reviewed the therapeutic potential of 
endothelin (ET) antagonists. There is 
currently no evidence to indicate an 
elevation in ET levels in the lungs of 
COPD patients, whereas levels arc 
elevated in patients with chronic 
hypoxia. 

Endothelin antagonists are effec- 
tive in animal models of hypoxia. Hie 
nonselective antagonist SB-217242 
(SmithKline Beecham; Fig. 1), at 3.6 
mg/day, prevented hypoxia-induced 
increases in pulmonary artery pressure 
in a rat model of chronic hypoxia. This 
compound, like TBC-11251 (Texas 
Biotechnology: Fig. 1) and ZD-1611 
(Zencca: Fig. I ), is currently in phase 
II studies for the treatment of pul- 
monary iiypci tension, but is also under 
clinical evaluation for '.he treatment of 
COPD. Such studies should help clar- 
ify the role of endothelin in lung dis- 
eases provided appropriate clinical 
endpoints are defined. 

Protease inhibitors 

Activated neutrophils also release 
high levels of the serine protease elas- 
tase. When the normal physiological 
control mechanisms are defective, this 
enzyme causes substantial degradation 
of the extracellular matrix, leading to 
extensive alveolar damage and even- 
tually resulting in emphysema. 
Therapeutic approaches to elastase 



inhibition were discussed by Rubin 
Smith (Glaxo Wellcome. Stevenage. 
U.K.). He described the activities of 
three inhibitors but did not reveal their 
btructures. 

Both polypeptide and smaJi-moie- 
cule inhibitors have been sought, wiih 
much of (his effort (Sheeted toward il\c 
latter. Although both purified 
recombinant forms of the natural 
inhibitor (a, -antitrypsin) are avail- 
able, effective inhibition requires gram 
quantities in the lung, thus limiting its 
utility on cost grounds. Aerosol for- 
mulations of the smaller peptide SLPI 
{secretory leukocyte protease 
inhibitor) aic under development by 
both Syncrgen andTeijin in full-length 
2nd C-truncated forms, respectively, 
but clinical results were not discussed. 

Because elastase is stored in an 
active form in azurophil granules 
within the neutrophil, at a concentra- 
tion of 5 mM. synthetic inhibitors have 
been targeted at both extracellular and 
intracellular elastase. GW-3U616A 
(Glaxo Wellcome: Fig. I) is a low- 
molecular- weight inhibitor of intracel- 
lular elastase. This compound, in pre- 
clinical development, is based on a 
novel template and is orally active in 
dogs at doses of 0.2-2 mg/kg. It was 
implied to be more potent in vivo than 
DMP-777 and said to be a slowly 
reversible inhibitor. 

ONO-5046 (Ono). midesteine 
(Medea Research) and ZD-8321 
(Zeneca) (Fig. 1) are all extracellular 
inhibitors currently reported to be in 
phase II or III studies for the treatment 
of emphysema. Midesteine is a weak 
enzyme inhibitor (K, = i.4 u.M) that ii 
well tolerated in humans but displayed 
limited efficacy in a four-week srudy 
in COPD patients. Glaxo had earlier 
been investigating compounds with 
such activity, and both GR-243216 
and GR-243214 were described as 
active, at 3 jig intratracheally, in ham- 
ster models of emphysema. GR- 
243216 was the more poteni com- 
pound, with a K; value of 6 nM and a 
16-hour duration of action. 
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David Lomas (Cambridge 
University. U.K.) described studies on 
the mechanistic detects in Z a. -anti- 
trypsin. This point mutation results in 
the breaking of an intramolecular sail 
bridge, and allows.the mutant a, -antit- 
rypsin to polymerize, in a tempeiaiure- 
dependent manner, rather titan inacti- 
vate elastase. The resulting prwense- 
aniiprotease imbalance results in the 
genetic form ot emphysema. His 
group s progress in defining the mech- 
anisms involved and delineating the 
structure of the active site offers new 
possibilities for rational drug design to 
prevent the problems that arise from 
this relatively common genetic dis- 
ease, which accounts for 1-2% of all 
cases of emphysema. 

Recent studies have .shown the 
lungs of emphysema patients to con- 
rain elevated levels of the MMP 
enzymes gelatinase B and collagenase. 
These are secreted both from airway 
epithelium and alveolar macrophages. 
It remains unclear whether they play a 
causal role in the disease pathogenesis. 
Their elevation may result from inac- 
tivation of tissue inhibitors of metallo- 
proteases (TIMP). It has been suggest- 
ed that collagenase activity in lavage 
fluid may be n better marker for the 
diagnosis of emphysema than elastase 
activity. Such observations suggest 
that MMP inhibitors may have a role 
to play in the treatment of COPD 

Antiinflammatory agents 

Three possible approaches to the 
reduction of inflammation were dis- 
cussed. The use of novel antioxidants 
to attenuate the damage caused by cig- 
arette smoke was discussed by Bill 
MacNee (Royal Infirmary, Edinburgh. 
U.K.). the role of adhesion molecules 
by Paul Hellewell (Sheffield 
University. U.K.) and inhibition of 
phosphodiesterase IV (PDF IV) by 
Mark Giembycz (NHLl). 

While integrins are heavily 
involved in leukocyte recruitment and 
trafficking in inflammatory diseases, 
there is currently restively li^'e evi- 
dence to substantiate a role for ihe?*e 
carbohydrates in COPO The small 



size ol pulmonary alveolar capillaries 
um in diameter) precludes neu- 
tiupiiit rolling, since the cells need to 
detorm to tit into the capillaries. It i^ 
currently believed that their sequestra- 
tion is an inte grin -independent mech- 
anism. In addition, interfering with the 
effects of 3 r integnns might compro- 
mise host defense mechanisms, as 
>een in patients with leukocyte adhe- 
sion deficiency. 

While oxidants normally cause 
damage via inactivation of regulatory 
enzymes, the healthy lung contains 
high concentrations of several antiox- 
idants in epithelial lining fluid. These 
provide some protection, but depletion 
of some antioxidants is observed in 
chronic smokers. Glutathione (GSH) 
appears to the most significant of these 
undergoing initial depletion, followed 
by a rebound increase due to increased 
transcriptional regulation of gamma- 
glutamylcysteine synthetase. It was 
suggested that these effects might be 
mediated via tumor necrosis f actor. 

Vitamin E supplementation has 
only modest effects in vivo, although it 
is effective in virrn. More promising 
therapeutic approaches appear to be 
i\\c administration of exogenous 
superoxide dismutase or cotalase or 
the identification of agents which up- 
regulale GSH. iV-Acetylcysteine, an 
antioxidant available in some markets, 
can up-regulate GSH. but only slowiy 
and at unacceptably high oral doses. 
The development of AMsobutvl-t- 
cysteine as an inhaled formulation 
may prove more effective in this 
regard. 

The use of PDE inhibitors, partic- 
ularly selective PDE IV inhibitors, 
offers the opportunity of preventing 
the activation of inflammatory cells, 
and thus the release of superoxide. 
LTB IL-8 and elastase. Macro- 
phages, neutrophils and eosinophils all 
contain several isoforms ot PDE IV. 
albeit in \ar\ing ratios. PDE IV in- 
hibitors aiso inhibit the activation of 
monocytes and epithelial cells. 

Clinical evidence to substantiate a 
therapeutic role for PDE IV inhibition 



in COPD is currently confined to lim- 
ited data obtained with theophylline. 
Theophylline treatment for four 
weeks, at a dose producing a plasma 
concentration ol 9.2 |ig/ml. reduced 
the neutrophil coum. myeloperoxidase 
and lactoferrin levels in induced spu- 
tum. However, it may not have been 
acting via inhibition of PDE IV. 

No other clinical data are currently 
available, as. until recently. PDE IV 
inhibitors were only being developed 
for the treatment of asthma and arthri- 
tis. Nevertheless. Ariflo (SB-207499: 
SmithKlme Beechanv. Fig. I ). a selec- 
rive PDE IV inhibitor, is now being 
developed for both indications. 
Although, in common with most PDE 
IV inhibitors, this compound induces 
cmesis. it has satisfactorily completed 
a tour- week phase II study in COPD 
patients. Patients are currently being 
recruited for a phase III study. It was 
stated that the phase 11 study resulted 
in a significant improvement in FEV, 
and other (unspecified) parameters. 

Antismoking therapy 

Given the primary causal link 
between COPD and smoking, it would 
have been inappropriate not to discuss 
the subject of antismoking therapy. 
Martin Jarvis (University College 
Medical School. London. U.K.) 
described how pharmacological inter- 
vention is the only effective controlled 
approach. S'icotine replacement thera- 
py has proved effective initially in the 
form of chewing gum and more 
recently as nasal sprays, inhalers or 
transdermal patches. The more recent 
methods are more effective than gum. 
but there are still difficulties in contin- 
ued cessation and smoke of these Ther- 
apies result in a transferred nicotine 
dependence. 

Alternative approaches arc now 
being investigated. Trials with the 
u-agomsi clontdine produced effica- 
cy comparable to that of nicotine gum. 
bin an unacceptable level of side 
elfects. Concurrent administration of 
the nicotinic antagonist mecamy- 
lamine with the use of nicotine patch- 
es is producing promising results. A 
sustained- release form of the amide - 
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pressant bupropion has been devel- 
oped by Glaxo Wellcome and 
launched in the United States as 
Z\bun. This has been found to be htipe- 
tior to the nicotine patch, although in 
combination they are more effective. It 
is unclear by whut mechanism bupro- 
pion is acting to produce these effects. 

Concluding remarks 

This well-organized meeting pro- 
vided a good overview of COPD and 
highlighted our current lack of under- 
standing of the causal mechanisms 
involved. While smoking is (lie prima- 
ry cause, little evidence was presented 
to suggeM what determines whether 
smokers will subsequently suffer from 
COPD. 



This lack of understanding has 
doubtless contributed to the pharma- 
ceutical industry's historical neglect of 
this major disease. However, there 
now appears 10 be a significant aware- 
ness of the disease and it has now 
become a major disease target for a 
number of companies, evidenced by 
the large contingents of delegates pres- 
ent from several companies. 

It was made clear that existing 
therapies provide modest therapeutic 
benefits and that both steroids and 
antibiotics are commonly used, 
although their efficacy is highly ques- 
tionable. Few new therapies aie m 
advanced development, but the long- 
acting tiotropium bromide will facili- 
tate patient compliance. Clinical stud- 
ies with the long-acting and highly 



potent BLT receptor antagonist BIIL- 
234 ihould clearly establish the signif- 
icance of LTB. in the disease process, 
hi addition, the emergence of clinical 
data with the PDE fv inhibitor SB- 
207499 should improve our under- 
standing of the disease process and 
help to improve the design of future 
clinical studies. 

There is likely to be an explosion 
of our knowledge of the pathophysiol- 
ogy of COPD over the next few years. 
Future meetings on this topic will then 
point to a more optimistic prognosis 
tor COPD patients. 

Dr. Peter Norman is Dim (or of 
Nttrnum Con.suftiny. /fl Pink Unit. 
Bn mi umi. 8uckin % t*iitiin\fwt SLI 
U.K. 



A RIAL) UPDATES 
STOCKHOLDERS 

In a letter to stockholders dated 
August 14. 1998. Ariad Pharmaceu- 
ticals. Inc. provided an update on the 
company 's progress over the past six 
months. 

In the company's signal transduc- 
tion inhibitor program. Ariad is 
developing AP-22408. its lead com- 
pound that was created using struc- 
ture-based drug design. AP-22408 
was designed to directly block Src, an 
intracellular protein thai Ariad 
believes is critical to disease progres- 
sion in osteoporosis. The compound 
binds to Sic with low nanomolar 
potency, and has demonstrated highly 
significant evidence of efficacy in a 
broadly accepted animal model of 
osteoporosis. Ariad believes thai AP- 
22408 meets the requirements of the 
second milestone in iis strategic part- 
nership for osteoporosis with Hoechst 
Marion Roussel (HMR). 

In addition, the company expects 
that products based on ARGENT™ 
(Ariad' s Regulated Gene ExpressioN 



Technology), a proprietary technolo- 
gy designed to allow control of cellu- 
lar activities through the administra- 
tion of small-molecule drugs, will be 
the first to enter clinical testing. AP- 
1903. the first /<flt7£*ATdrug, is cur- 
rently undergoing preclinical toxicol- 
ogy and pharmacology studies. Initial 
clinical trials of AP-1903 are being 
designed to evaluate the safety of the 
compound when used with ARGENT 
gene components to treat graft- vs.- 
host disease in allogeneic bone mar- 
row transplant patients. AP-1903 is 
expected to enter the clinic before the 
end of the year. • 

ARGENT is also being developed 
as a means to produce orally active 
therapeutic proteins. In a recent study 
conducted by Ariad and its joint ven- 
ture partner Genovo. monkeys 
received an intramuscular injection of 
the genetic components of ARGENT 
and the gene for erythropoietin 
(EPO). After the genetic material was 
injected into the muscle of the ani- 
mals . they received a single dose of a 
small-molecule dimerizer drug. Upon 



drug administration, the monkeys' 
muscle cells began producing thera- 
peutically relevant levels of EPO. 
which continued over time. Ariad is 
currently engaged in further in vivo 
studies, manufacturing scale-up and 
preclinical testing of the ARGENT 
orally active therapeutic protein prod- 
uct. The company plans to begin 
human clinical trials in this program 
in the first half of next year. 

Also during the first half of the 
year — in March — , the Hoechst- Ariad 
Genomics Center, a joint venture with 
HMR to identify therapeutic proteins 
and novel drug targets for small -mol- 
ecule drug development, reached its 
first anniversary. The Genomics 
Center also established its first 
research collaboration, in July. Ariad 
scientists are working with the Center 
for Prevention of Cardiovascular 
Disease at the Harvard School of 
Public Health to identify novel genes 
involved in cardiovascular disease 
and cancer. 
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